Atmospheric change promotes increasing cyanobacteria dominance in Swedish lakes by Freeman, Erika Christiane
Western University 
Scholarship@Western 
Electronic Thesis and Dissertation Repository 
8-13-2018 10:00 AM 
Atmospheric change promotes increasing cyanobacteria 
dominance in Swedish lakes 
Erika Christiane Freeman 
The University of Western Ontario 
Supervisor 
Dr. Irena Creed 
The University of Western Ontario 
Graduate Program in Geography 
A thesis submitted in partial fulfillment of the requirements for the degree in Master of Science 
© Erika Christiane Freeman 2018 
Follow this and additional works at: https://ir.lib.uwo.ca/etd 
 Part of the Terrestrial and Aquatic Ecology Commons 
Recommended Citation 
Freeman, Erika Christiane, "Atmospheric change promotes increasing cyanobacteria dominance in 
Swedish lakes" (2018). Electronic Thesis and Dissertation Repository. 5516. 
https://ir.lib.uwo.ca/etd/5516 
This Dissertation/Thesis is brought to you for free and open access by Scholarship@Western. It has been accepted 
for inclusion in Electronic Thesis and Dissertation Repository by an authorized administrator of 
Scholarship@Western. For more information, please contact wlswadmin@uwo.ca. 
i 
 
Abstract 
The frequency and intensity of cyanobacteria blooms are increasing globally. The interacting 
effects of environmental drivers, including increased temperature, altered precipitation, 
reduced acidification-with associated shifts in nutrient limitation- and increased dissolved 
organic matter loads to lakes are predicted to create favourable environmental conditions for 
cyanobacteria in northern lakes. This prediction was tested in 28 nutrient-poor Swedish lakes 
over 16 years (1998-2013). Increases in cyanobacteria abundance were identified in 21% of 
the study sites, composed mostly of increases in three specific genera: Merismopedia, 
Chroococcus, and Dolichospermum. Increases in temperature favoured Merismopedia 
dominance in lakes with low pH and high nitrogen to phosphorus ratios. In contrast, higher 
pH and associated acidification recovery favoured Chroococcus and Dolichospermum. In 
addition, increases in dissolved organic matter loads suppressed Chroococcus while 
promoting Dolichospermum. These findings highlight the complex nature of global changes 
on cyanobacteria prevalence and reveal how specific genera of cyanobacteria may be able to 
benefit from global changes and potentially pose a management risk to freshwater 
ecosystems.   
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Chapter 1  
1 Introduction 
1.1 Problem Statement 
Northern ecosystems are anticipated to undergo the greatest rates of change (Hansen et 
al. 2006; Solomon et al., 2007). Climate changes in northern (>45° latitude) ecosystems 
include increasing temperatures (Kirtman et al., 2013; Kjellström et al., 2014), changes 
to the timing and magnitude of precipitation (Melillo et al., 2014; Kjellström et al., 
2016), and altered terrestrial-aquatic linkages (Creed et al., 2015; Senar et al., 2018) 
leading to changes in the physical, chemical and biological properties of lakes (e.g., 
Creed et al., 2018). Lakes, often the geographical lowest points in the surrounding 
terrestrial-aquatic network, are considered to be sentinels of climate change (Williamson 
et al., 2009). The integration of climate changes has manifested in increased lake surface 
water temperatures (O’Reilly et al., 2015), changes in lake residence time (Schindler & 
Smol, 2006), and, in combination with other factors, increases in terrestrially-derived 
dissolved organic matter (DOM) (Monteith et al., 2007; Finstad et al., 2016), a 
phenomenon referred to as browning (Williamson et al., 2015). Changes do not have to 
be large in magnitude to have a large influence on freshwater ecosystems. Lehnherr et al. 
(2018) recently demonstrated that a 1 °C increase in summer air temperatures was 
sufficient to induce biogeochemical and ecological regime changes in a northern lake.  
In addition to the destabilizing influence of climate change are the long-term impacts of 
acidification and its recovery. Since peak emissions for sulphur (S) and nitrogen (N) in 
the 1960s and mid-1980s respectively, the concentrations of S and N in northern lakes 
have been in decline (de Wit et al., 2015; Driscoll et al., 2016). Although some lakes 
have rebounded to near pre-industrial pH levels (Skjelkvåle et al., 2001; Moldan et al., 
2013), the recovery of impacted lakes has been slow (Futter et al., 2014) and 
interpretation of recovery trends marred by climate changes(Holmgren 2014). What new 
baseline conditions will be is uncertain. However, they are likely to have fundamental 
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consequences for freshwater lake ecological function and associated ecosystem services 
(Creed et al., 2018).   
Phytoplankton communities (biomass and species composition) respond quickly to new 
environmental conditions due to their rapid growth rates and short life cycles. For this 
reason, they are considered “early warning signals” of environmental changes in aquatic 
ecosystems and are sometimes referred to as harbingers of climate change (Huertas et al., 
2011). Changes in phytoplankton communities have significant consequences for aquatic 
food webs, as well as water quality and therefore human health and well-being (Stockner 
et al., 2000; Smith et al., 2003; Walsh et al., 2016).  
On a global scale, the phytoplankton most associated with freshwater quality problems 
are the harmful algal bloom species of cyanobacteria (Lopez et al., 2008). Several studies 
suggest that cyanobacteria are blooming more frequently on a global scale (Taranu et al., 
2015; Huisman et al., 2018). However, bloom-forming species are not the only ones that 
reduce water quality. Many species of cyanobacteria are capable of producing toxic and 
noxious compounds that pose risks to society (Rantala et al., 2004; Calteau et al., 2014). 
In addition, cyanobacteria are considered to be a nutritionally poor and often an 
inadequate food source for zooplankton with cascading effects to the higher trophic levels 
(von Elert et al., 2003; Bednarska et al., 2014). Food quality is especially important in 
oligotrophic (total phosphorus (TP) < 25 µgL-1) lakes where food availability already 
constrains zooplankton growth (Persson et al., 2007).  
Although, generally associated with high-nutrient lakes, phytoplankton communities 
dominated by cyanobacteria are also being increasingly reported in lakes with low 
nutrient concentrations (Winter et al., 2011; Callieri et al., 2014; Cottingham et al., 2015) 
though the drivers are not well-understood (Creed et al., 2018). There exists a need to 
revise existing conceptual models to describe the factors regulating cyanobacteria 
dominance in low nutrient lakes. In particular, a more comprehensive understanding of 
these factors in northern lakes is required to better understand how the re-shuffled deck of 
environmental conditions - in the face of climate change and acidification recovery - may 
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influence freshwater ecosystems in one of the most rapidly changing regions of the planet 
(Smith et al., 2015).  
1.2 The ecology of phytoplankton in freshwater lakes 
Liebig’s law of the minimum (or, if rates are considered, the Blackman limitation; Cullen 
1991) states that the growth of a community is not dictated by the total amount of all 
nutrients but, instead, the most scarce. The paradigm for nutrient limitation in freshwater 
phytoplankton communities has been primarily focused on P (Trimbee & Prepas, 1987) 
and N (Downing et al., 2001), and to a lesser extent iron (Fe) (Molot et al., 2014). This 
basic principle then implies that: given adequate light, temperature, and protection from 
predation and disease, the best competitor for these limiting nutrients will become 
dominant in a community. The competitive exclusion theory (Hardin 1960), a classic 
foundation in ecology, then predicts that the best competitor will be dominant at the 
expense of the weaker species, pushing them to extinction or toward a different 
ecological niche. However, phytoplankton present an interesting paradox, as a large 
diversity of phytoplankton species are able to co-exist. This coexistence occurs, despite 
phytoplankton inhabiting a seemingly unstructured environment, having relatively simple 
physiology and having a small number of resources for which they are all in competition 
(termed the paradox of the plankton) (Hutchinson 1961). Further elaboration of this idea 
in “Margalef’s Mandala” (Margalef 1978) and “Reynolds Intaglio” (Reynolds & Smayda, 
1998) reveal that there are a wide diversity of niches opened by a full spectrum of 
adaptations in terms of life history, nutritional, and behavioral strategies that allow a 
particular phytoplankton to become dominant and potentially bloom-forming.  
The combination of the ability of an individual phytoplankton species to outcompete it’s 
contemporaries in the contest for nutrients from traditional sources while utilizing unique 
adaptations to tap non-traditional nutrient sources are relevant criteria for determining 
phytoplankton dominance (Schindler 1977). Although phytoplankton are bound by the 
ability to perform oxygenic photosynthesis, prokaryotic cyanobacteria have unique 
physiological advantages compared to their eukaryotic competitors (reviewed in Dokulil 
& Teubner, 2000; Carey et al., 2012). These physiological advantages may enable 
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cyanobacteria to become increasingly dominant under the new environmental regimes 
anticipated in lakes at northern latitudes.  
1.3 Global change and opening niches for cyanobacteria 
1.3.1 Climate change 
In the past decade, the effects of climate change as a promoter of cyanobacteria 
dominance has become a dominant area of research (Paerl & Huisman, 2008). Projected 
near term (2016-2035) temperature changes show global increases in mean surface air 
temperature between 0.3 to 0.7 ºC (medium confidence scenario; Kirtman et al., 2013). 
Summer air temperatures and lake surface water temperatures are generally coherent 
(O’Reilly et al., 2015) and, therefore, near-term surface water temperatures are also 
projected to increase.  
Temperature is considered a master variable due to its control of biological activity 
through modulation of metabolic rates (Marañón et al., 2018). Cyanobacteria have 
relatively high-temperature optima relative to other phytoplankton (Butterwick et al., 
2005); although there are significant differences in these temperature optima among 
cyanobacteria species and within strains (Foy et al., 1976; Reynolds 2006). In particular, 
smaller-celled phytoplankton with high surface area to volume ratios benefit directly 
from increasing photosynthetic rates prompted by higher temperatures (Foy et al., 1976). 
The temperature advantage of smaller cell size is thought to be due to lower resource, 
(especially respiratory gas) limitation, and the fitness gains from earlier division 
(Atkinson et al., 2003).  
Increasing surface water temperature leads to stronger, longer, and earlier onset of 
stratification (Livingstone, 2003; Carey et al., 2012). Many lakes in the northern 
hemisphere are dimictic. This refers to a mixing regime where the water column turns 
over during the spring and fall. In addition, due to temperature, and therefore density 
differences between the shallow and deep layers, the water column stratifies in the 
summer and winter. Earlier onset of summer stratification may lead to hypolimnion (deep 
layer below mixing zone) anoxia and subsequent mobilization of nutrients such as P and 
Fe from the lake’s sediments (Molot et al., 2014). Buoyancy regulation, a feature 
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possessed by some cyanobacteria, allows them to maintain their positions in the photic 
zone and travel to depth where mobilized nutrients are available (Corey et al., 2012).  
Climate change also ushers-in changes in precipitation and the timing and magnitude of 
nutrient delivery from the surrounding landscape. Average annual precipitation is 
expected to increase in high and some mid-northern latitudes; although there will be 
regional-scale variation (Kirtman et al., 2013). This is likely to have mixed effects on 
cyanobacteria and may benefit different genera or functional types (Jeppesen et al., 2009; 
Finkel et al., 2010). For example, an increase in precipitation can increase nutrient 
loading to lakes (Jeppesen et al., 2011) by increasing run-off, but could also lead to 
turbulent waters and wash-out effects (Philips et al., 2007). More intense rainfall 
followed by summer droughts has been predicted to be the most favorable precipitation 
pattern for cyanobacteria bloom development due to increased nutrients and extended 
stratification (Paerl & Huisman, 2008, 2009). However, the effects of changing 
precipitation on cyanobacteria dominance is under-researched (Reichwaldt & Ghadouani, 
2012).  
1.3.2 Acidification and recovery   
Initial concern regarding the negative effects of acid deposition on aquatic ecosystems at 
northern latitudes began in the 1960s (Grennfelt et al., 2005). The ecological effects of 
acidification, especially decreased pH and enhanced delivery of aluminum (Al) to lakes, 
contributed to changes in phytoplankton communities by favouring species with low pH 
tolerance and high sensitivity to Al (often Al can be toxic to phytoplankton). There are 
typically two types of phytoplankton communities that dominate acidified lakes. One is 
dominated by either dinoflagellates or raphidophytes (both protist phytoplankton) and the 
other by cyanobacteria, specifically the species Merismopedia tenuissima (Hultberg & 
Andersson 1982, Anderson et al., 1989). The results of synoptic studies were also 
reinforced by studies of experimental acidification (Findlay & Kasian 1990, 1991).  
Since the 1970s, there has been between a 70-90% reduction in anthropogenic sulphate 
(SO4
2-) deposition in North America and Europe (Bertills et al., 2007; Watmough et al., 
2016) (Figure 1). However, the initial biological and chemical responses to reduced 
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emissions have been mixed (Clair et al., 2011; Futter et al., 2014), potentially due to the 
antagonistic effects of climate change (Mitchell & Likens, 2011) as well as other human 
activities (e.g., forestry) (Akelsson et al., 2007). Despite these potential caveats, the 
process of acidification to recovery is often presented as a seven-stage conceptual model 
first proposed by Cosby et al. (1985) (Figure 2). This model outlines the effects of 
acidification on catchment processes such as anion retention in soils (S adsorption), 
weathering of minerals and leaching of base cations including calcium (Ca2+), 
magnesium (Mg2+) and sodium (Na+) and leaching of aluminum (Al3+). 
 
Figure 1: (A) Emissions of major acidifying pollutants (SOx, NOx, and NH3) for European 
Environmental Agency (EEA) 33 member countries (B) emission trends in (SOx, NOx, and NH3) 
relative to 1990 (EEA, 2016).  
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Stage 1 describes the state prior to acidification when base cation export is controlled by 
weathering processes and SOx is in steady-state equilibrium with atmospheric inputs (i.e., 
low levels of SOx deposited on the catchment equals low levels of SOx exported from the 
catchment). During Stage 2, soils begin to adsorb SOx deposited from the atmosphere, 
and as a result, base cation concentrations in the soil begin to increase (Futter et al., 
2014). These ions are washed into rivers (and eventually lakes), and alkalinity (the 
capacity to neutralize acid) in the soil begins to decrease. As more SOx is added to the 
catchment, the more SOx and base cations will end up in the aquatic network. This holds 
until Stage 3, when the soils adsorption capacity for SOx is filled and the system reaches 
a new steady-state in terms of SOx (i.e., high levels of SOx deposited on the catchment 
equals high levels of SOx exported from the catchment).The flux of SOx in and out of the 
soils continues to leach base cations during this stage. During Stage 4, soil base cation 
concentrations become depleted and return to pre-acidification levels. Natural systems 
have rarely reached Stage 4 due to reductions in SOx emissions. When atmospheric inputs 
begin to drop to levels in Stage 1, Stage 5 begins (i.e., recovery). This stage is the onset 
of SOx flushing from the system, and both soil and aquatic concentrations of SOx decline. 
As the system is purged of SOx, the base cation concentrations also decline with a 
subsequent recovery in alkalinity and reduction in Al. Stage 6 is a period of lag between 
the return to pre-industrial SOx conditions and the recovery of base cation concentration 
and alkalinity. Finally, Stage 7 represents the return to a pre-acidification state; stage 7 
has not yet been observed (Futter et al., 2014). 
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Figure 2: Stages of acidification and recovery modified from Cosby et al. (1985). 
The stages of recovery and the length of time over which they are achieved are relevant 
as changes in pH/alkalinity may open niches for previously restricted phytoplankton 
species (Molot et al., 1990). In addition to promoting species shifts, higher alkalinity 
(often a proxy for recovery from acidification) has been implicated in higher relative 
cyanobacteria abundance in European lakes (Maileht et al., 2013: Richardson et al., 
2018), which suggests that cyanobacteria blooms will become more prevalent as 
alkalinity recovers. Further evidence for this possibility has come from the observation of 
cyanobacteria blooms following liming in lakes (where base cations are added to lakes to 
increase pH) (Waters 1956).  
The exact physiological mechanism behind increases in alkalinity and cyanobacteria 
dominance is not well described. One possibility is that the link is indirect and the 
increase in cyanobacteria is driven by an associated increase in P. P is thought to be the 
nutrient that represents the limiting factor to phytoplankton growth in acidified lakes 
(Jansson et al., 1986). The decreased mobility of P in acidified soils likely contributes to 
P limitation (Persson & Broberg 1985) as does the decreased mobility of P in lake 
sediments due to higher pH as well as metal-binding (i.e., P may be bound to Al and then 
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precipitated to the sediments) (Nürnberg 2018). When the effects of acidification are 
reversed, P loadings to lakes may increase. The release of P from lake sediments may 
become an especially important source of P if the sediments become anoxic (Nürnberg, 
2009). Climate warming (Jankowski et al., 2006) and browning (Brothers et al., 2014) 
both contribute to sediment anoxia. 
1.3.3 Nutrients 
In addition to S, N is also an important air pollutant that can lead to acidification. 
However, N deposition may also affect surface waters by shifting elemental ratios, and 
prompting increased growth in N-limited waters (Hessen 2013). . N emissions are 
generally broken up into N oxides (NOx) and reduced forms of N such as ammonia 
(NH4). Recently, European agreements designed to abate N such as Gotenburg Protocol 
(Reis et al., 2012) and the National Emissions Ceilings Directive (Amann et al., 2011) 
have reduced the amounts of N air pollutants in northern Europe (Amann et al., 2011; 
Reis et al., 2012). However, a 2013 study of N deposition in Sweden showed that the wet 
deposition of inorganic N continued to exceed 1955 levels (Hansen et al., 2013). Despite 
not yet reaching baseline atmospheric N levels, declining NOx emissions (Figure 1) have 
led to a significant decline in the ratios of dissolved inorganic nitrogen (DIN) to TP in 
some northern lakes (Isles et al., 2018). These declines have led to, or exacerbated, 
already widespread N limitation and co-limitation in Swedish lakes (Bergström, 2010) 
and are likely to continue declining.  
Some species of cyanobacteria possess the ability to fix atmospheric N, which allows 
them to dominate in lakes with low N to P ratios (Schindler et al., 2008). Although, N-
fixation is energetically costly, and N-fixing cyanobacteria may be suppressed by grazing 
(Chan et al., 2006), with wide-scale declines in DIN (in tandem with the changes 
described in previous sections), N-fixing cyanobacteria may become increasingly 
competitive and therefore abundant. 
1.3.4 Browning 
Browning of northern lakes has been hypothesized to be a product of a number of global 
change drivers (Figure 3) (Creed et al., 2018). Climate change (de Wit et al., 2016), 
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reductions in S emissions (Monteith et al., 2007) and land cover changes (Finstad et al., 
2016) have been associated with the browning of surface waters observed in northern 
latitudes. This highlights the importance of cumulative effects, i.e., the significant 
accumulation of multiple human induced stresses over time and space (Spaling 1994), 
when considering environmental factors that may be driving the increase in 
cyanobacteria. 
Increases in DOM have several potential implications for aquatic ecosystems (Creed et 
al., 2018) and have positive feedbacks with other global change drivers that may promote 
cyanobacteria. For example, increasing DOM has been linked to increases in lake 
temperature and reduced thermocline depth (Tanentzap et al., 2008) potentially 
accelerating warming induced by climate change. The role of DOM as a source of 
nutrients is also important, especially in oligotrophic lakes, where nutrients are believed 
to play the largest role in promoting cyanobacteria biovolume (Rigosi et al., 2014). 
Although, there may also be negative consequences due to shading and light absorption 
(Thrane et al., 2014; Seekell et al., 2015), some phytoplankton (including cyanobacteria) 
have been shown to thrive under reduced light intensities due to the production of 
specialized pigments (phycobilins; Zevenboom, 1981). In addition, increased DOM loads 
restructure phytoplankton communities by providing phytoplankton with mixotrophic 
capabilities with a competitive advantage (Subashcandrabose et al., 2013; Mitra et al., 
2016; Deininger et al., 2017). Phytoplankton of different taxonomic groups have the 
capacity to grow without rigorous adherence to autotrophy. Some cyanobacteria possess 
the ability to assimilate organic carbon through osmotrophy (Chojnacka & Noworyta 
2004), while other strains may scavenge trace metals from DOM using specialized 
organic ligands termed siderophores (Wilhelm & Trick, 1994). 
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Figure 3: Hypothesized effects of global changes on properties of northern lakes with differing 
DOM loads (modified from Creed et al., 2018). Previous scientific literature (e.g., 1Freeman et 
al., 2001; 2 Larsen et al., 2011; 3Lauden et al., 2012; 4Mattsson et al., 2015; 5Monteith et al., 
2007; 6Ekström et al., 2011; 7Jeganathan et al., 2014; 8McKenney et al., 2014; 9Sittaro et al., 
2017; 10Hansen et al., 2013; 11Kritzberg, 2017) has established some of the controls behind 
increasing DOM loads to lakes.  
1.4 Research goals and predictions  
The mechanisms behind rising cyanobacteria abundance in low nutrient lakes warrant 
scientific attention. It is unclear how the concurrent changes in climate and declines in 
atmospheric deposition of SOx and NOx influence the composition of phytoplankton 
communities and the dominance of cyanobacteria in northern lakes. Herein, these 
questions are investigated using broad-scale monitoring data from the Swedish national 
environmental monitoring program for 28 low-nutrient, minimally impacted (<5% of 
non-natural land use) lakes. This Swedish dataset is not only unmatched globally in its 
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spatial and temporal extent (to the knowledge of the writer), but also in the information 
on phytoplankton, which are identified to the genus level. There is often large 
physiological diversity within the commonly utilized taxonomic ranks (phylum, order) of 
cyanobacteria (Rigosi et al., 2014) and information at the genera or species level is key in 
elucidating potential drivers and consequences of change.  
The goals of this thesis were twofold: first, to determine if increases in absolute and 
relative biovolumes of cyanobacteria have occurred in the Swedish lakes; and second, to 
test the hypothesis that global changes are driving the increase in absolute and relative 
biovolumes of cyanobacteria. The following predictions were made:  
(1) Increasing temperature results in increased relative abundance of 
cyanobacteria as a group.  
(2) Declines in acidification and the ensuing changes in pH result in a shift in 
cyanobacteria genera dominance with a decline in acidophilic species such as 
Merismopedia.  
(3) Declines in the ratio of DIN to TP in lake waters (favouring N fixation) result 
in an increase in cyanobacteria dominance and a shift in cyanobacteria genera 
to N-fixing genera such as Dolichospermum.  
(4) Increases in browning (providing nutrient subsidies from the catchment with 
DOM acting as the nutrient vector) results in an increase in cyanobacteria 
dominance as they are able to access the nutrient pools associated with DOM. 
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Chapter 2  
2 Study Area 
Sweden, a Nordic European country, has been monitoring surface waters for more than 
50 years (Fölster et al., 2014). These long-time series are necessary for informed 
environmental management as a decade or longer can often be required to distinguish 
human-driven trends from natural variation (Howden et al., 2011). Since 1982, in 
addition to the surface water chemistry, annual monitoring of phytoplankton species in 
aquatic communities was added to the monitoring program (SEPA 1985). Thus, this 
dataset opens the possibility for an assessment of cyanobacteria in northern lakes and 
provides a unique opportunity to assess the changing factors that may be contributing to 
their growth and dominance.  
2.1.1 Sweden geology, climate, and anthropogenic impacts 
West of the Baltic Sea and to the Gulf of Bothnia, Sweden, with its 447, 435 km2 land 
mass, is a country with a long coastline and coastal influence. As part of the 
Fennoscandian Shield, an area typified by old crystalline and metamorphic rock, common 
rock types are gneiss, granite, granodiorite, sandstone, and marble (SGU, 2017). 
Overlying the shield is commonly till that covers about 75% of the landscape (SGU, 
2017). The Scandinavian mountains run through the North West of Sweden, forming a 
border with Norway.   
Despite being one of the most northerly countries in Europe, most of Sweden is in the 
temperate zone. The general pattern is for a decrease in temperatures and precipitation 
northward. However, this is modified by the influence of large lakes, the sea, the Gulf 
Stream, and also by altitude. The mean annual air temperature ranges from -8 °C in the 
North to 10 °C in the South (SLU, 2006a). However, there are small North-South 
differences in mean summer temperatures (July= 15-18 °C) along the Bothnian (East) 
coast, but distinct differences in the higher altitude areas of the North-West (July= 8 °C) 
(SLU, 2006a). 
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Precipitation is largely dependent on the ingressions of moist Atlantic airmasses which 
most effect the southern, especially south-western portions of the country. Northern 
regions typically receive <600 mm of precipitation annually while the South (from East 
to West) receives between 600 to over 1000 mm of precipitation (SLU, 2006b).  
Over the time period of this study (from 1998 to 2013 inclusively), the mean annual 
temperature and precipitation across Sweden increased by 1.04 °C and 75 mm (22 and 
12%, respectively, when compared to 1961-1990 (SMHI, 2015)). 
Seventy percent of the area of Sweden is forested (Nilsson, 1997) and an additional 8.9 % 
is covered by surface water (SCB, 2006). The majority of lakes in Sweden are 
oligotrophic and humic. A synoptic study carried out in the summer of 1995 calculated 
median chemical values of 3,000 randomly selected lakes larger than 0.04 km2. For these 
lakes, the median values were: pH =6.8, total nitrogen (TN) =550 µgL-1, TP =10 µgL-1, 
and total organic carbon (TOC) =7 mgL-1 (Wilander 1998). A primary anthropogenic 
influence for these lakes is atmospheric acid deposition. Acidification of Swedish lakes 
was extensive, with 13,700 lakes (16 % of Swedish total) classified as having been 
anthropogenically acidified in 1990 (Bernes, 1991). However, the distribution of 
acidified lakes throughout Sweden was non-uniform. The lakes in the western and south-
central portions of the country were the most exposed to acidifying agents (Bernes 1985, 
Willén et al., 1990). 
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Chapter 3  
3 Methods 
The Swedish lake monitoring program began in 2007, but some of the lakes were part of 
an earlier monitoring program that began in southern Sweden in 1984 and was expanded 
to northern lakes in 1995 and 1996. For 106 lakes, surface water chemistry was sampled 
four times per annum (roughly once per season), while phytoplankton was measured 
once, usually in August. Within this section is a description of the criteria used for 
selection of lakes from this dataset, which data were used to conduct the study, and which 
statistical approaches were taken to better understand the trends in environmental 
variables, the trends in cyanobacteria abundance, and the role of environmental variables 
in promoting cyanobacteria change.   
3.1 Lake selection criteria  
The first criterion was that the lake was impacted primarily by indirect human activities 
(climate change, acid deposition). Lakes included in the Swedish monitoring program 
were selected to be used as reference lakes to more disturbed lakes in comparable 
ecoregions, and therefore are already considered to be low-impact sites. Only lakes that 
maintained minimal direct anthropogenic impacts (i.e., with urbanization and/or 
agriculture < 5% watershed area as of 2013) were included in the analysis (cf. (Huser et 
al., 2018)). Anthropogenic land uses were estimated from land cover data for lake 
catchments generated from the CORINE database (Hagner et al., 2005) and are available 
through the Svenska Marktäckedata (SMD) program from the Swedish Environmental 
Agency. Similarly, all lakes from the Swedish Integrated Liming Effect Studies (IKEU) 
programme were removed from the analysis to avoid confounding effects induced by 
direct human intervention.  
The second criterion was that all lakes must have both phytoplankton and chemistry 
consistently in each year of the study period. Data were accessed from the national 
16 
 
database at the Swedish University of Agricultural Sciences (SLU) 
(http://miljodata.slu.se/mvm).  
Water chemistry data were collected using a PVC pipe (Rotter tube) from surface 
samples (0.5m) at fixed sampling points at the deepest area of the lake. Further detail on 
sample collection and analysis can be found at: 
https://www.havochvatten.se/download/18.64f5b3211343cffddb280004869/Vattenkemi+
i+sj%C3%B6ar.pdf 
Phytoplankton data were collected using a Ruttner sampler from the center of the lake. 
Prior to sampling, the depth of the epilimnion was determined using temperature profiles 
from the time of measurement. The epilimnion was then subdivided such that 75-80% of 
the vertical profile was measured, and then integrated. The samples were immediately 
preserved with Lugol’s iodine (2% v/v), and quantified based on a calculation method 
described by Utermöhl (1958). Further details can be found at: 
https://www.havochvatten.se/download/18.64f5b3211343cffddb280004877/V%C3%A4x
tplankton+i+sj%C3%B6ar.pdf.  
Data were most frequently sampled from 1998-2013 (16 years inclusive). Only when 
both phytoplankton and chemistry measurements were taken within the photic zone (in 
the same month), would they be included in the analysis as monthly means. The depth of 
the photic zone was calculated by multiplying Secchi depth by three (Holmes, 1970). For 
each chemical, physical and phytoplankton variable, annual averages were computed 
from monthly means.  
These criterion left the final lake count to 28. The 28 selected lakes were distributed 
across (primarily) boreal and nemoral (southern deciduous forest region) zones of 
Sweden and span a latitudinal gradient from 56.6 to 65.8º North, and a longitudinal 
gradients from 15.7 to 23.4 º East (Figure 4). Lake size varied from 0.1 to 2.67 km2, with 
a median value of 0.7 km2. Median lake depths ranged between 1.4 to 11.9 m, with a 
median value of 4.45 m across all lakes. Further details on lake morphometry and 
catchment characteristics can be found in (Table 1). 
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Figure 4: Location and names of the study lakes in Sweden. Basemap compiled by Esri using 
data from: HERE, DeLorme, MapmyIndia, © OpenStreetMap contributors, and the GIS user 
community. 
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Table 1: Morphometric characteristics of selected lakes. Included below are the lake name (and lake number corresponding to Figure 4), lake ID 
(SMHI_X, Y) as well as the geographical coordinates in the SWEREF99TM coordinate system. The far-right group of characteristics refer to the 
% of the catchment that is lake area (% lake) and the % of the catchment (by area) occupied by other land classification types.  
Lake Name SMHI_X SMHI_Y N/X N/Y 
Mean 
catchment 
altitude (m) 
Lake area 
(km
2
) 
Catchment 
area (km
2
) 
Mean 
depth 
(m) 
Max 
depth 
(m) 
Volume  
(10
6
m
3)
  
%  
Lake 
% 
Farmland 
% 
Wetland 
% 
Forest 
5 Älgarydssjön 633989 140731 6337178 456028 199 0.33 3.45 1.40 6.60 0.48 9.56 3.49 0.16 76.88 
7 Allgjuttern 642489 151724 6423441 564895 145 0.15 1.13 1.57 40.00 2.09 13.29 0.00 0.00 66.37 
11 Björken 652707 159032 6526457 636722 41 1.28 7.95 11.90 23.00 7.13 16.10 0.00 0.00 70.58 
25 Brännträsket 728095 175926 7282225 796227 75 0.85 12.48 3.30 6.00 2.34 6.81 1.14 4.78 62.08 
1 Brunnsjön 627443 149526 6272787 544705 107 0.10 3.43 5.30 13.00 0.37 2.92 0.55 0.40 74.34 
17 Dagarn 664197 149337 6640136 538420 160 1.72 15.99 5.10 13.00 8.80 10.76 3.32 0.29 60.38 
23 Degervattnet 708512 152086 7083426 560401 300 1.70 199.58 5.10 18.00 8.43 0.85 1.18 7.21 54.43 
24 Dunnervattnet 713131 144608 7128648 485073 571 2.67 613.95 10.90 - 29.09 0.43 0.03 13.21 58.36 
14 Ekholmssjön 663907 156927 6638162 614324 51 0.57 7.35 2.90 6.40 1.75 7.76 3.23 1.17 64.57 
10 Fagertärn 651558 143620 6513117 482808 183 0.23 1.81 3.20 9.50 0.68 12.70 0.00 3.14 74.60 
19 Gipsjön 672729 138082 6724037 424887 438 0.87 10.75 4.90 14.00 3.28 8.09 0.00 17.69 51.90 
20 Gosjön 677506 156174 6774007 605132 68 0.40 1.53 3.60 - 1.42 26.17 0.00 2.93 44.49 
9 Grissjön 651578 146163 6513623 508222 172 0.23 1.62 4.60 16.00 0.87 14.23 0.00 0.00 81.70 
2 Hinnasjön 630605 144655 6303819 495647 182 0.26 3.80 1.40 2.70 0.36 6.84 0.53 0.00 74.17 
4 Hjärtsjön 632515 146675 6323148 515611 283 1.30 6.58 3.40 6.50 4.64 19.75 3.28 1.54 70.64 
6 Hökesjön 639047 149701 6388795 545084 159 0.52 1.97 7.40 22.00 4.09 26.36 0.57 0.00 63.24 
15 Limmingsjön 660804 142742 6605422 472916 263 1.14 9.60 9.00 26.00 5.73 11.88 0.46 3.35 52.82 
27 Louvvajaure 736804 160569 7367313 641584 501 0.80 4.04 4.90 20.00 4.21 19.78 0.00 1.55 60.57 
18 Översjön 664410 136192 6640666 407015 275 0.37 2.08 3.60 25.00 1.33 17.83 0.00 0.00 64.09 
16 Övre Skärsjön 663532 148571 6633396 530845 232 1.65 8.78 6.10 32.00 10.10 18.80 0.65 3.06 63.39 
28 Pahajärvi 742829 183168 7430468 866731 276 1.30 7.34 3.60 14.00 4.37 17.71 0.00 12.84 35.07 
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22 Remmarsjön 708619 162132 7085765 660807 363 1.35 125.66 5.00 14.40 6.96 1.07 0.52 10.19 57.25 
8 Skärgölen 651573 152481 6514333 571374 88 0.17 0.74 7.00 12.50 0.64 22.95 0.00 0.00 62.28 
21 Stensjön 683673 154083 6835394 583469 292 0.59 3.09 4.30 8.50 2.55 19.11 0.00 10.32 56.94 
12 Stora Envättern 655587 158869 6555227 634745 65 0.38 1.43 5.00 11.20 1.89 26.66 0.00 0.00 73.24 
3 Storasjö 631360 146750 6311612 516497 258 0.40 2.13 1.80 5.00 1.23 18.79 0.00 2.29 76.79 
13 Tärnan 660688 164478 6606900 690200 56 1.08 13.45 4.30 11.50 5.11 8.03 1.48 0.42 74.47 
26 Vuolgamjaure 728744 162653 7287010 663453 497 2.00 37.32 4.00 15.00 10.75 5.36 0.27 17.27 46.47 
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3.2 Data preparation  
3.2.1 Cyanobacteria 
Phytoplankton data were downloaded as species-specific biovolume (mm3L-1) per lake, 
per sampling point. Species data were later merged into genus as most of the 
phytoplankton were identified to this resolution. Non-detects (i.e., when a phytoplankton 
species was not observed) were given a value of 0 for the biovolume in that lake. The 
maximum summer (July-September) phytoplankton data for each year were taken to 
represent the lake, with the majority of samples collected in August when, in Swedish 
oligotrophic waters, there is a rather uniform (in terms of seasonal succession) 
phytoplankton development (Willén et al., 1990; Rosén, 1981). Non-cyanobacteria 
phytoplankton were then removed from the dataset, as only cyanobacteria were the 
subject of this investigation. In subsequent sections, cyanobacteria are represented by 
their absolute biovolume and/or their relative biovolume (i.e. percentage of the total 
phytoplankton biovolume per lake). 
3.2.2 Environmental metrics 
The hypothesized drivers of cyanobacteria change included climate change, acidification 
recovery, nutrients, and browning. A list of the metrics, their units, and their ranges are 
provided in Table 2.  
Climate change metrics included surface water temperature (ºC) and precipitation (mm). 
Monthly means of precipitation for the following time periods were included in the 
analysis: annual based on the November-October water year, spring (March-June), 
summer (July-September) and fall and winter (October-February). All precipitation in 
months after October were included in the precipitation for following year. Site specific 
(i.e., interpolated data at the sampling point) monthly mean precipitation data were 
extracted from the Swedish Hydrological and Meteorological Institute (SMHI) database 
at: http://luftweb.smhi.se/ and appended to the SLU data. 
Acidification recovery was represented by pH, alkalinity, SO4
2-, base cations (Ca2+, Mg2+, 
Na+), and Al3+. Alkalinity, the loss of which signals acidification (Henriksen, 1979), was 
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estimated using Acid Neutralizing Capacity (ANC), as well as the ANC adjusted for 
organic acid acidity (ANCoaa). ANC is often more reliable than pH because it is less 
sensitive to changes in CO2 concentrations (Stumm & Morgan, 1981). ANC is calculated 
as microequivalents per litre of positive change less the microequivalents per liter of 
negative charge (Reuss & Johnson, 1985). ANCoaa incorporates the estimated charge 
associated with organic carbon, which is important because browning may influence the 
charge balance of a lake. See Appendix A for more details on the calculations. Major 
components of the ANC calculations (SO4
2-, Ca2+, Mg2+, Na+) were also included 
independently as metrics of acidification recovery. Al3+, which can become mobilized 
from the edaphic zone under low pH conditions prompted by acidification (Cronin & 
Schofield, 1979), was also included as a metric of acidification recovery.  
Nutrient metrics included TP and N. Although also an acidifying agent, it was assumed 
that the primary ecological role of N is as an eutrophying agent, with the changing ratio 
of DIN to P (DIN:TP) acting as a driver of change of phytoplankton communities 
(Bergström, 2010). DIN:TP ratios were represented as mass ratios of DIN:TP. DIN:TP 
has been shown to be a robust predictor of phytoplankton nutrient limitation in Swedish 
lakes (Bergström, 2010) and in other areas with high DOM (Axler et al., 1994). The 
concentrations of NOx and NH4, which are components of DIN, were also included as 
nutrient metrics.  
Browning can be represented as a change in both DOM quantity and quality. These two 
properties were considered using TOC and Abs420 as proxies, respectively. These 
proxies were considered appropriate, because the majority of organic matter in Swedish 
boreal lakes is in the dissolved state (>90%, therefore there are small differences between 
DOC and TOC) (Köhler et al., 2002) and because fluorescence properties at Abs420 
elucidate differences in the composition and source of DOM (Hudson et al., 2007). The 
higher the DOM absorbance (at 420nm), the more complex the molecular structure 
(Maranger & Pullin, 2003) and therefore the less bioavailable (Hosen et al., 2014).  
Fe and manganese (Mn) concentrations also have connections to browning. Fe 
concentrations are influenced by processes similar to DOM and contribute to changes in 
22 
 
water color associated with browning (Kritzberg & Ekström, 2012). Lower redox 
potentials are generally observed in lake systems with higher concentrations of DOM 
(Allgeier et al., 1941; Kjemsmo, 1970), and the similarities of Fe and Mn in terms of 
redox potentials permits inclusion of Mn as an indirect browning metric. 
For lakes with chemical values below the detection limit, below detection limit data were 
replaced with values equal to the detection limit divided by 2, following the guidelines of 
the US Environmental Protection Agency (EPA, 2000)  
All data preparation was performed using the Python (Python Software Foundation, 
https://www.python.org/) data analysis toolkit Pandas (v0.21.0) (McKinney, 2010).  
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Table 2: The minimum, maximum, and quartile values of environmental metrics for the selected lakes in the first and last five years of the study 
period.  
  
Environmental metric 
(1998-2002)  
n=28 
(2009-2013) 
n=28 
Min 0.25 Median 0.75 Max Min 0.25 Median 0.75 Max 
C
lim
a
te
 
Surface Water Temperature °C 11.89 16.06 18.67 19.46 21.02 12.39 16.50 18.91 19.55 21.06 
Mean Annual Precipitation (Water Year; Nov-
Oct) mm 
58.02 61.06 66.88 71.12 80.64 53.29 58.67 63.12 68.10 74.90 
Mean Spring Precipitation (March-June) mm 48.56 55.55 61.55 71.33 80.94 48.03 54.25 59.13 63.52 78.53 
Mean Growing Season Precipitation (July-
September) mm 
63.62 72.71 79.05 88.09 96.79 69.45 74.19 86.46 96.48 116.09 
Mean Winter Precipitation (October-March) mm  47.85 51.05 56.47 60.65 71.53 40.61 47.32 50.66 53.61 58.12 
A
ci
d
if
ic
a
ti
o
n
 
SO42- meqL-1 0.02 0.04 0.09 0.15 0.21 0.01 0.03 0.05 0.11 0.15 
Ca2+ meqL-1 0.06 0.08 0.13 0.19 0.46 0.05 0.08 0.12 0.17 0.44 
Mg2+ meqL-1 0.03 0.04 0.06 0.09 0.21 0.03 0.04 0.06 0.08 0.18 
Na+ meqL-1 0.04 0.05 0.10 0.14 0.33 0.04 0.06 0.09 0.12 0.29 
ANC µeqL-1 11.03 85.93 152.78 188.44 487.50 22.73 94.82 164.02 208.20 506.66 
ANCoaa µeqL-1 -0.74 49.50 115.03 165.22 450.92 7.70 46.71 122.75 179.90 465.99 
pH 5.37 5.78 6.71 6.97 7.33 5.62 5.93 6.66 6.96 7.39 
Al3+ µgL-1 14.00 40.00 75.50 146.00 361.17 7.88 36.25 65.42 139.00 475.00 
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N
u
tr
ie
n
ts
 TP µgL
-1 3.20 5.98 9.52 12.05 24.80 2.70 5.30 7.07 12.18 23.40 
DIN:TP (molar) 1.37 3.52 4.75 6.47 41.17 1.09 1.85 2.48 3.25 35.66 
NOx--N µgL-1 2.40 3.65 5.20 6.50 111.00 1.00 1.43 2.00 3.10 78.63 
NH4+- N µgL-1 4.90 7.80 10.10 13.93 29.80 2.10 4.10 7.50 9.35 27.03 
B
ro
w
n
in
g
 TOC mgL
-1 3.46 7.45 9.58 10.82 17.37 3.47 6.79 9.43 12.16 21.51 
Filtered Absorbance 420nm/5cm 0.01 0.06 0.09 0.17 0.39 0.02 0.06 0.09 0.17 0.43 
Fe µgL-1 20.40 53.58 131.70 621.07 2211.60 14.20 65.50 152.90 558.75 1900.00 
Mn µgL-1 2.12 8.70 27.90 45.93 291.80 1.66 11.54 26.00 42.18 220.00 
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3.3 Statistical analysis 
Temporal and spatial trends in the drivers of environmental change and the genera of 
cyanobacteria were assessed prior to exploring the relationships between changes in 
environmental metrics and the relative biovolume of cyanobacteria (Figure 5). 
 
Figure 5: Outline of statistical analysis approach. Beneath each question are the statistical 
methods (left) and the input variables (right). Predictor variables are denoted with (P) and 
response variables with (R). 
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3.3.1 Temporal Trends 
Time series for cyanobacteria and selected driver metrics were statistically tested for 
monotonic trends using the Kendall’s rank correlation coefficient (τ) (Mann, 1945; 
Kendall, 1975). Kendall τ is a useful statistic for elucidating the variables for which 
changes over the study period are wide-spread and uniform in direction (for example, 
validating the presence of global change drivers). The Theil-Sen estimator (Theil, 1950; 
Sen, 1968) was then used to compute the slopes of the significant (p < 0.05) monotonic 
time-series trends (unit yr− 1) for each lake. The Theil Slope (TS) over the entire time 
period was then divided by the mean value for the same time period to determine the 
percentage change over the 16 years. The slope and the time period change were then 
averaged for all lakes with significant monotonic trends to summarize Sweden-wide 
trends. The Kendall τ and TS calculations were performed in Python v 3.6.3 (Python 
Software Foundation, https://www.python.org/) using the Scipy package (Jones et al., 
2001). 
3.3.2 Spatial Trends  
With spatial data, it is often the case that some, or many, variables exhibit spatial 
autocorrelation. Spatial autocorrelation refers to likelihood that neighboring locations are 
more similar than might be expected by chance alone. Spatial autocorrelation must be 
taken into account to reduce errors in models, but it can also provide useful ecological 
information. The spatial autocorrelation structure in cyanobacteria and driver metrics was 
assessed using the Moran’s Index (MI) (Moran, 1950) from the PySAL python library 
(Rey & Anselin, 2010). MI measures the global (i.e., Sweden-wide) spatial 
autocorrelation in an attribute y measured over n spatial units. The null hypothesis is that 
spatial variance is random. If the null hypothesis is rejected, the spatial distribution of 
high values and/or low values in the dataset is more spatially clustered than would be 
expected if the underlying spatial processes were random. Similar to a correlation 
coefficient, the MI ranges between -1.0 to +1.0. Positive MI values suggest a spatial 
clustering behaviour (i.e., high values attract other high values), whereas negative MI 
values suggest a spatial dispersing behaviour (i.e., high values repel other high values).  
Using the inverse Euclidean distance (i.e., distance decay) as the spatial weights matrix, 
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The MI was calculated using the (log-transformed) values of the first and last five-year 
means of each variable under consideration. The MI for the TS was used to understand 
spatial patterns in the rates of change.  
Two-tailed pseudo-p values were derived by mimicking the null hypothesis using a 
random re-labelling scheme with 10,000 permutations. Pseudo p-values allow 
comparison of the MI that we obtain from our data to a reference distribution, and if the 
MI is extreme, the null hypothesis is rejected (i.e., there is spatial correlation). The 
pseudo-p value is the ratio of the number of times that a value was obtained that is equal 
to or more extreme than the one observed in the data.  
Spatial autocorrelation was visualized over the surface of Sweden by generating maps 
employing the empirical Bayesian kriging interpolation method in ArcGIS v 10.5.1 
(Krivoruchko & Gribov, 2014; ESRI 2016). This method was selected because it is more 
accurate than other kriging methods for smaller datasets (Krivoruchko & Gribov, 2014). 
All maps were generated using the Power Semivariogram model of the Bayesian kriging 
interpolation method.  
3.3.3 Niche Detection  
The underlying structure of cyanobacteria genera and their relationship with the driver 
metrics at any one time were assessed through the use of canonical correspondence 
analysis (CCA) available in the scikit-bio package (https://github.com/biocore/scikit-bio) 
in Python v.3.6.3 (Python Software Foundation, https://www.python.org/). CCA is a 
constrained ordination technique that assumes unimodal response curves, and is therefore 
better suited to extract niches of taxa than linear multivariate methods (ter Braak, 1986). 
Environmental preferences, or niche, are often unimodal functions of environmental 
variables (ter Brak & Verdonschot, 1995).  
Relative biovolume of different cyanobacteria genera in the 28 lakes and all non-zero 
values of the 16 years for each lake were used as the response matrix (n= 394), while the 
driver metrics formed the explanatory matrix. The violation of the independence 
assumption with time was tested by running the CCA with and without Year as a factor. 
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In addition, the 28 lakes were plotted separately for each year in the time series to ensure 
no problems with temporal autocorrelation or outlier values.  
Collinearity in the driver metrics was reduced prior to input in the CCA model using the 
variance inflation factor (VIF) to quantify the multicollinearity. A VIF of 10 was used as 
the acceptable limit for multicollinearity (Hair et al., 1995). Driver metrics with VIF>10 
were collapsed into categories with similar metrics (for example, Fe and Abs420 into 
‘browning’). Cyanobacteria genus data were normalized using log10(c+1) and chemical 
variables were z-score standardized. Scaling (type 2) was used to emphasize the 
relationship among species, where the distances among species approximate their chi-
square distances (Legendre & Legendre, 2012). 
Statistical tests for the ordination and the significance of each axis of the ordination were 
based on permutation-based p-values The function anova from package vegan() 
(Oksanen, 2018) in R v 3.5 (R Core Team, 2018) was used to perform the permutations 
(n=10000).  
3.3.4 Predictors of relative biovolume of cyanobacteria 
All assumptions of linear regression models (i.e., homogeneity, normality, and 
independence) were assessed prior to analysis using the protocol described in Zuur et al. 
(2010). All explanatory variables were plotted against the residuals of each model 
revealing that heteroscedascity (difference in variation) was not a problem. Prior to 
analysis, the relative biovolume of cyanobacteria data were log-transformed (log10(c+1)) 
in order to approximate the normality. However, this dataset contains temporal and 
spatial autocorrelation (i.e., repeated measures data over an entire country) and therefore 
violates the independence assumptions for linear regression. Therefore, to test for the 
factors that promote cyanobacteria relative biovolume while accounting for temporal and 
spatial pseudo-replication we employed generalized linear mixed model (GLMM) using 
the nlme library (nlme: Linear and Nonlinear Mixed Effects Models. R package version 
3.5; Pinheiro et al., 2012).  
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In GLMMs, the independent variables are referred to as fixed effects, while the error term 
represents all the factors that affect the dependent variable that are not fixed effects (i.e., 
random error). Structure in the error terms (which occurs when, for example, there is 
temporal autocorrelation) can be adjusted by adding random effects such as random 
slopes or random intercepts.  
To select the random effects structure, the following steps were taken (after Diggle et al., 
2002; Finstad et al., 2016): 
1. Start with a model with all fixed effects (explanatory variables) in what is 
called a beyond optimal model. Relative biovolume of cyanobacteria genera with 
significant temporal trends were used as the dependent variables and the driver 
metrics discussed previously as the fixed effects. The environmental metrics were 
pre-processed using a z-score standardization by lake 
2. Use the beyond optimal fixed effects model to find the best random structure. 
This is done by employing the restricted maximum likelihood estimation (REML) 
to compare models, with the Akaike Information Criteria (AIC) serving as the 
basis for the selection. The AIC is defined as twice the difference between the 
value of the likelihood L (measure of fit) and the number of parameters. The 
following models were compared: (a) a generalized least squares model with no 
fixed structure; (b) lake ID included as a random intercept; (c) year nested within 
lake-ID as a random slope; (d) year nested within lake-ID as a random slope and a 
one-year-lag temporal autocorrelation structure; and (e) lake-ID as a random 
intercept with a one-year-lag temporal autocorrelation structure.  
3. Find the optimal fixed structure (all combinations of environmental metrics 
from the beyond optimal model) using the maximum likelihood to compare 
models. All possible combinations of environmental metrics were assessed as 
inputs to the model, and then ranked according to AIC. Since there was no clear 
top-ranked model, an Akaike weight (wi)-based model averaging of models 
(cumulative AIC weights of models =0.95) was applied to estimate average 
coefficients for the best candidate models as well as their 95 % confidence 
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intervals. The relative influence of each variable, defined as the sum of all wi 
across the models containing the variable, was included. Model selection and 
model averaging on fixed effect structure were done by model comparison using 
the MuMIn library (Grueber et al., 2011). 
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Chapter 4  
4 Results 
This chapter is organized by presenting the following: first, the results of temporal and 
spatial differences in cyanobacteria as a group and then by genus. Second, the results of 
the same statistical tests for the environmental metrics (Figure 5, space-time trends). 
Finally, the results for the environmental niche detection and the predictors of 
cyanobacteria relative biovolume (Figure 5, cyanobacteria as response variable).  
4.1 Changes in cyanobacteria abundance and relative 
abundance 
There was high variability in the absolute and relative biovolume of cyanobacteria (Table 
3). In many lakes, biovolumes were close to zero, with occasional high values (Appendix 
B). Of the 28 lakes, nine had relative biovolumes of cyanobacteria above 25% in at least 
one year (Appendix B, C).  
21% of lakes (6/28) had significant (p<0.05) positive Kendall τ trends in cyanobacteria 
relative biovolume, with TS ranging between 0.02 and 0.26% yr-1 (Figure 6). Three lakes 
had significant and positive trends in absolute biovolume at the p<0.05 significance level, 
with an additional three lakes having significant positive trends in absolute biovolume at 
the p<0.10 significance level. Lists of lake-specific results can be found in Appendix D.  
Although, not significantly clustered (MI = -0.008 , p-value = 0.62) (Table 3) (i.e., not all 
lakes in the region were high in cyanobacteria abundance), the area that contained lakes 
with the greatest cyanobacteria dominance (median of 17% for the 2009-2013 time 
period) and lakes with the largest slopes of change (TS = 0.24% yr-1 ) was the South-East 
(Figure 7). Annual changes are presented in Appendix D.  
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Table 3: The minimum, maximum, and quartile values of cyanobacteria relative biovolume for the selected lakes in the first and last five years of 
the study period. 
Absolute biovolume (mm3L-1) (1998-2002) (2009-2013) 
Relative biovolume (%) Min 0.25 Median 0.75 Max Min 0.25 Median 0.75 Max 
Cyanobacteria 
0.0E+00 4.8E-03 2.2E-02 4.2E-02 1.7E-01 4.0E-06 8.2E-03 1.6E-02 4.1E-02 1.6E-01 
0.0E+00 7.1E-01 2.8E+00 8.7E+00 2.2E+01 2.1E-04 1.2E+00 3.5E+00 8.2E+00 2.8E+01 
Dolichospermum 
0.0E+00 0.0E+00 1.8E-03 4.9E-03 4.5E-02 0.0E+00 0.0E+00 1.8E-03 7.2E-03 8.9E-02 
0.0E+00 0.0E+00 3.3E-01 1.3E+00 8.4E+00 0.0E+00 0.0E+00 1.9E-01 1.5E+00 1.9E+01 
Aphanizomenon 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.1E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 7.4E-03 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 4.8E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.3E+00 
Aphanocapsa 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.2E-04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 7.9E-04 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.9E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.3E-01 
Aphanothece 
0.0E+00 0.0E+00 0.0E+00 6.5E-05 6.9E-03 0.0E+00 0.0E+00 0.0E+00 2.7E-04 3.3E-03 
0.0E+00 0.0E+00 0.0E+00 9.7E-03 1.2E+00 0.0E+00 0.0E+00 0.0E+00 9.1E-02 9.6E-01 
Chroococcus 
0.0E+00 0.0E+00 0.0E+00 1.8E-03 2.6E-02 0.0E+00 0.0E+00 5.9E-04 4.3E-03 2.0E-02 
0.0E+00 0.0E+00 0.0E+00 5.5E-01 6.6E+00 0.0E+00 0.0E+00 4.9E-02 1.2E+00 7.8E+00 
Cyanodictyon 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.4E-03 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.0E-03 4.5E-01 
Cyanocatena 
0.0E+00 0.0E+00 0.0E+00 3.0E-05 1.1E-03 0.0E+00 0.0E+00 0.0E+00 4.1E-05 2.3E-03 
0.0E+00 0.0E+00 0.0E+00 2.7E-03 1.1E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.6E-01 
Planktolyngbya 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.6E-03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.9E-03 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.6E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 6.2E-01 
Merismopedia 
0.0E+00 5.9E-05 8.1E-04 1.5E-02 1.7E-01 0.0E+00 4.9E-04 1.4E-03 9.8E-03 1.4E-01 
0.0E+00 0.0E+00 7.5E-02 1.5E+00 2.2E+01 0.0E+00 3.7E-02 2.1E-01 1.0E+00 2.5E+01 
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Planktothrix 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.0E-02 0.0E+00 0.0E+00 0.0E+00 3.7E-04 1.1E-02 
0.0E+00 0.0E+00 0.0E+00 6.3E-03 6.7E+00 0.0E+00 0.0E+00 0.0E+00 2.8E-02 5.2E+00 
Radiocystis 
0.0E+00 0.0E+00 0.0E+00 3.8E-04 6.6E-03 0.0E+00 0.0E+00 0.0E+00 2.2E-04 2.0E-02 
0.0E+00 0.0E+00 0.0E+00 9.0E-02 1.2E+00 0.0E+00 0.0E+00 0.0E+00 6.5E-02 3.5E+00 
Rhabdogloea 
0.0E+00 0.0E+00 0.0E+00 1.9E-04 2.5E-03 0.0E+00 0.0E+00 0.0E+00 4.2E-05 2.7E-03 
0.0E+00 0.0E+00 0.0E+00 3.3E-04 2.0E+00 0.0E+00 0.0E+00 0.0E+00 1.8E-03 2.3E+00 
Microcystis 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.2E-03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.0E-03 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 5.0E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 4.5E-01 
Snowella 
0.0E+00 0.0E+00 8.0E-06 6.7E-04 1.9E-02 0.0E+00 3.0E-06 3.2E-04 1.2E-03 4.4E-03 
0.0E+00 0.0E+00 0.0E+00 1.1E-01 3.9E+00 0.0E+00 0.0E+00 4.5E-02 2.0E-01 1.4E+00 
Woronichinia 
0.0E+00 0.0E+00 1.0E-05 8.3E-04 3.7E-02 0.0E+00 0.0E+00 5.2E-05 1.8E-03 8.5E-03 
0.0E+00 0.0E+00 0.0E+00 5.3E-02 4.1E+00 0.0E+00 0.0E+00 1.1E-02 1.7E-01 1.6E+00 
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4.2 Cyanobacteria genus changes 
50% (14/28), and 61% (17/28) of lakes had significant trends in the relative and absolute 
biovolumes respectively of one or more cyanobacteria genera. In total (including multiple 
trends per lake), there were 24 significant trends in relative biovolume and 22 significant 
trends in absolute biovolume of cyanobacteria. Among these trends, 68% (16/24) and 
55% (12/2) were positive for relative and absolute biovolume, respectively (Figure 6).  
Different regions had differences in cyanobacteria species composition as well as rates of 
change (Figure 8, 9). In northern Sweden (Figure 8) there were negative trends in relative 
and absolute biovolume for Dolichospermum lemmermanii and Merismopedia 
tenuissima, but positive trends for Chroococcus spp. and Snowella atomus. In southwest 
Sweden, there were no clear overall trends in cyanobacteria genera. Merismopedia 
tenuissima was the most variable, with both increases and declines to both absolute and 
relative biovolume. In individual lakes, Dolichospermum spp. declined and Chroococcus 
minutus increased significantly in relative and absolute biovolume, while Woronichinia 
naegeliana increased in relative biovolume. In southeast Sweden, the area that 
corresponded to the greatest cyanobacteria presence and change, the positive trends in 
relative and absolute biovolume were composed of Dolichospermum spp. (D. 
lemmermanii and D. crassum), Chroococcus spp. and Merismopedia tenuissima. Trends 
in Snowella atomus, Radiocystis geminate, and Woronichinia naegeliana were also 
significantly positive for some lakes. Negative trends were present for Aphanizomenon 
spp. and Rhabdogloea ellipsoidea (Figure 6, Appendix D).  
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Table 4: The spatial and spatio-temporal autocorrelation in cyanobacteria relative biovolume. 
The median of annual MI values of the first five years (1998-2003) and the last five years (2008-
2013) is presented alongside the change in spatial autocorrelation over time given by the MI of 
TS. Asterisks indicate significance levels of pseudo-p values: *** p<0.01, ** 0.01<p≤ 0.05, * 
0.05<p≤ 0.1. Calculations for which there were too few input values are denoted with (-).  
  
Moran's I 
Median 
(1998-2003) 
Moran's I 
Median 
(2008-2013) 
Mean Theil 
Sen Slope 
(unityr
-1
)
 
 
Moran's I 
Theil Sen 
Slope 
Cyanobacteria -0.029 -0.008 0.1221 -0.01 
Aphanizomenon -0.028 -0.030 -0.0059 -0.03 
Aphanocapsa -0.047 -0.029 0.0000 - 
Aphanothece -0.036 -0.037 0.0000 - 
Chroococcus -0.014 -0.035 0.0168 -0.06 
Cyanocatena 0.016 -0.023 0.0000 - 
Cyanodictyon - -0.049 0.0000 - 
Dolichospermum *0.033 -0.015 0.0524 -0.02 
Merismopedia -0.047 -0.048 0.0471 -0.02 
Microcystis -0.028 -0.034 0.0000 - 
Planktolyngbya -0.028 -0.028 0.0000 - 
Planktothrix -0.031 -0.014 0.0003 -0.03 
Radiocystis -0.017 -0.030 0.0003 -0.04 
Rhabdogloea -0.063 -0.043 0.0006 -0.01 
Snowella -0.044 -0.048 -0.0001 ***-0.13 
Woronichinia -0.050 -0.046 -0.0042 -0.05 
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Figure 6: Significant Sweden-wide monotonic trends in cyanobacteria absolute biovolume (A) 
and relative biovolume (B) over the 16-year (1998-2013) time period. The length of the arrow 
represents the proportion of lakes of the total (n=28) with significant (p<0.05) Kendall τ 
coefficient in cyanobacteria or a particular cyanobacteria genus over the time period.  The 
direction of the arrow represents the direction of the trend (left=decreasing, right=increasing). 
Cyanobacteria with grey names centered on zero did not demonstrate any significant trends. 
Some metrics have trends in both directions which is denoted by two arrows on the same 
horizontal indicating divergent trends in the lakes. For each metric, the TS slopes of all lakes with 
significant trends were averaged (mean ± standard deviation). The TS slope is followed by (as a 
mean of all significant trends) the change in a metric over the entire time period (TS * 16 years) 
as a percentage of the mean value for that time period (± standard deviation). The dotted 
horizontal lines signify when 50% and 100% of the lakes have trends in a particular direction. 
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Figure 7: Interpolated surfaces of (left) cyanobacteria relative biovolume (%) and (right) TS 
slopes of cyanobacteria relative biovolume with time. White points represent lakes. The left 
surface was generated using the mean annual maximum summer relative biovolume values for 
the last five years of the study period (2009-2013).  
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Figure 8: Interpolated surfaces of the relative biovolume of cyanobacteria genera. All units in % 
of total phytoplankton community biovolume. Surfaces were generated using the mean annual 
maximum summer relative biovolume values for the last five years of the study period (2009-
2013).  
v
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Figure 9: Interpolated surfaces of TS slope of the relative biovolume of cyanobacteria genera. 
All units given as % change in biovolume of the total phytoplankton community per annum (%yr-
1). Surfaces were generated using the mean annual maximum summer relative biovolume values 
for the last five years of the study period (2009-2013). Grey-coloured maps signify cyanobacteria 
genera for which there was no change detected. 
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4.3 Changes in driver metrics 
All hypothesized drivers of change were assessed for monotonic temporal trends 
(Kendall τ, TS), spatial trends (MI) and spatio-temporal trends (MI of TS). The majority 
of the significant temporal trends (p values <0.05) were negative (79%) (Figure 10). 
Many of the spatial patterns displayed North-South gradients in both the mean value as 
well as the rate of change (Figures 11, 12).  
Neither annual temperature nor annual, summer, and winter precipitation presented any 
temporal trends (Figure 10). Only 2 of 28 lakes experienced significant temporal trends in 
spring precipitation (TS = -1.24 mm-1 and -1.14 mmyr-1, respectively; both in southern 
Sweden). All climate variables were spatially clustered (Table 5, Figure 11). Temperature 
formed a north-to-south gradient (MI =0.35, p<0.01), while annual and seasonal 
precipitation formed an east-to-west gradient (MI = 0.19-0.23, p<0.01, respectively). 
Only precipitation demonstrated spatial patterns in slope of change (Table 5, Figure 12). 
On average, annual precipitation had positive slopes in the south-eastern portions of the 
country (Figure 12). However, there were differences in the direction of the slope of 
seasonal precipitation (Figure 12), with spring precipitation increasing at the highest rate 
of any season in south-western Sweden, while patterns in summer and winter 
precipitation were more similar to the annual pattern (Figure 12).  
The most uniform driver by extent was of the recovery from acidification. All lakes 
(28/28) experienced significant declines in SO4
2- concentrations (TS = -3.0 x 10-3 meqL-
1yr-1). SO4
2-
 was the sole “global” driver; the remainder of the significant temporal trends 
in the key metrics varied regionally (Figure 12). Over 50% of lakes experienced 
decreasing Ca and Mg concentrations (TS = -2.0 x 10-3 meqL-1yr-1 and -1.1 x 10-3 meqL-
1yr-1, respectively). Decreasing Na concentrations were also observed in 25% of lakes 
(TS = -1.8 x 10-3 meqL-1yr-1) (Figure 10). Significant (negative) Al trends were observed 
within one lake only. ANC increased in 21% of the lakes, all of them in north and 
southwest. pH increased significantly in 7 % of lakes, both in the southern portion of the 
country. There were strong spatial patterns in acidification metrics. SO4
2-, Na and pH all 
demonstrated spatial patterns throughout the entire time period (MI = 0.19, 0.30, and 
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0.15, respectively). There were clear differences between the northern and southern lakes 
in terms of the acidification metrics. For example, northern lakes had, on average, lower 
SO4
2- concentrations, with the highest concentrations in the South East. Na was highest 
from North to South, while pH (and to a lesser extent ANCoaa) were highest in the North 
with a pocket of high values on the southeast. Rates of SO4
2- change were unidirectional 
and negative throughout the distribution of lakes (Figure 12). However, lakes with higher 
rates of decline were clustered in the South. Thus, despite the greater mean SO4
2- 
concentrations in the South (Figure 12), these lakes are also experiencing the largest rates 
of loss. Base cation loss, also displayed regional trends (Figure 12). In the North, where 
temporal trends were significant, only increases in Ca, and Mg concentrations were 
observed. In the South there were losses in Ca, Mg, and Na; where Ca losses constituted 
the largest losses of change by magnitude as well as by number of lakes in which the 
trend was observed. Significant spatial patterns in rates of change in ANC, ANCoaa, pH, 
Al, and Na were not observed (Figure 12). 
Among nutrient metrics, temporal trends were most identified in the DIN:TP ratios (TS = 
-3.3 yr-1), driven primarily by declines in NOx (TS = -0.22 µgL
-1yr-1), but also with 
notable declines in NH4 (TS = -0.5 µgL
-1yr-1) (Figure 10).  The temporal trends in the 
DIN:TP ratio appeared to have been influenced little by changes in TP which was 
demonstrated by the small number of lakes (i.e., two lakes in the north) with significant 
temporal trends. The spatial trends showed no significant pattern in any of the nutrient 
metrics (Table 5). However, it is clear from the interpolated surfaces (Figure 11) that 
higher concentrations of nutrients (TP, NOx, NH4) on average occur in the southern 
regions of the country. Rates of change were spatially clustered in the case of DIN:TP 
ratios, where the greatest rates of decline occur from south to north (MI of TS = 0.11, 
p<0.01). NH4 followed similar patterns in rates of change where southern rates were near 
zero while the north and central proportions of the country experienced decline (MI of TS 
=0.18, p<0.01 ) (Figure 12).  
Browning was not a Sweden-wide phenomenon as both TOC and Abs420 presented 
significant and positive temporal trends in only 21 and 18 % of lakes respectively (Figure 
10). Trace metals associated with browning trended in opposite directions. Fe, although 
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there was variation, was increasing, while Mn was decreasing (Figure 10). Mn was the 
sole browning metric with significant spatial patterns and displayed a strong north-to-
south gradient (MI = 0.14, p<0.01); although TOC, Abs420, and Fe also demonstrated, 
on average, higher concentrations in southern lakes (Table 5, Figure 11). The change in 
the slope of browning metrics over time was significant for only TOC (MI =0.06, 
p=0.06). The rates of TOC change were highest and positive in southern lakes, with slight 
declines (or no change) occurring in the northern-most reaches of the country (Figure 12). 
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Figure 10: Significant Sweden-wide monotonic trends in environmental metrics over the 16 year 
(1998-2013) time period. The length of the arrow represents the proportion of lakes of the total 
(n=28) with significant (p<0.05) Kendall τ trends in a particular variable over the time period. 
The colour and direction of the arrow represents the direction of the trend (red=decreasing, 
blue=increasing). Some metrics have trends in both directions which is denoted by two arrows on 
the same horizontal indicating divergent trends in the lakes. For each metric, the TS slopes of all 
lakes with significant trends were averaged (mean ± standard deviation). The TS slope is 
followed by (as a mean of all significant trends) the change in a metric over the entire time period 
(TS * 16 years) as a percentage of the mean value for that time period (± standard deviation). The 
dotted horizontal lines signify when 50% and 100% of the lakes have trends in a particular 
direction. 
45 
 
Table 5: The spatial and spatio-temporal autocorrelation in the hypothesized controls of 
cyanobacteria. The median of annual MI values of the first five years (1998-2003) and the last 
five years (2008-2013) is presented alongside and the change in spatial autocorrelation over time 
given by the MI of TS slopes. Asterisks indicate significance levels of pseudo-p values: *** 
p<0.01, ** 0.01<p≤ 0.05, * 0.05<p≤ 0.1. 
  
Environmental Metric 
Moran’s 
Index 
Median 
(1998-2003) 
Moran’s 
Index 
Median 
(2008-2013) 
Mean Theil 
Sen Slope 
(unityr
-1
) 
Moran’s 
Index 
Theil Sen 
Slope 
C
lim
a
te
 
Surface Water Temperature °C ***0.35 ***0.29 0.03 0.02 
Mean Annual Precipitation (Water 
Year; Nov-Oct) mm 
***0.19 ***0.13 -0.22 *0.07 
Mean Spring Precipitation (March-
June) mm 
***0.23 ***0.17 -0.53 ***0.11 
Mean Growing Season Precipitation 
(July-September) mm 
***0.23 ***0.17 0.62 ***0.21 
 Mean Winter Precipitation (October-
March) mm  
***0.19 ***0.15 -0.22 **0.09 
A
ci
d
if
ic
a
ti
o
n
 
SO
4
2- meqL
-1
 ***0.19 ***0.14 -2.8 x 10
-3
 ***0.35 
Ca meqL
-1
 -0.01 0.02 1.2 x 10
-3
 ***0.26 
Mg meqL
-1
 0.03 0.03 6.3 x 10
-4
 ***0.25 
Na meqL
-1
 ***0.30 ***0.28 -7.4 x 10
-4
 0.00 
ANC µeqL
-1
 0.08 0.08 1.2 -0.03 
ANCoaa µeqL
-1
 *0.05 0.01 0.81 0.01 
pH ***0.15 ***0.12 6.1 x 10-3 -0.07 
Al µgL
-1
 0.02 0 0.22 -0.05 
N
u
tr
ie
n
ts
 TP µgL-1 0.03 0.05 -0.01 -0.05 
DIN:TP (molar) -0.07 0.03 -0.13 ***0.11 
NO
x
-N µgL
-1
 -0.07 0.01 -0.17 -0.04 
NH
4
- N µgL
-1
 0.01 0.09 -0.23 ***0.18 
B
ro
w
n
in
g
 TOC mgL-1 -0.01 0.04 0.1 *0.06 
Filtered Absorbance 420nm/5cm -0.06 -0.02 7.1 x 10-4 -0.02 
Fe µgL
-1
 0 0.04 -1.6 -0.01 
Mn µgL
-1
 ***0.14 ***0.10 -0.47 -0.05 
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4.4 Niche detection 
The canonical relationship between the cyanobacteria genera and environmental variable 
matrices was significant (pseudo F= 8.98, p= 0.001, max VIF= 7.1) (Figure 13). The first 
two canonical axes explained 11% (p= 0.001) and 6.5 % (p=0.001) of the constrained 
inertia, respectively (Figure 13). The species-environmental correlates and bi-plot scores 
are presented in Table 6. Collinear variables were grouped and are represented by a 
single arrow, labelled by the first metric within the row in Table 6. The results revealed 
strong primary gradients in metrics linked to acidification (SO4
2-, Ca, pH, ANCoaa, Al). 
In particular, the two genera with the greatest changes in both absolute and relative 
biovolume (Merismopedia and Dolichospermum) were split along the primary axis 
CCA1. This axis was best explained by factors related to acidification with lower pH, 
ANCoaa, and Ca (and higher Al) favoring Merismopedia, and higher acid neutralizing 
capacities associated with other genera, including Dolichospermum and Chroococcus.  
The primary axis also demonstrated strong canonical correlation to (DIN:TP ratios), with 
Merismopedia associated positively with higher DIN:TP ratios, and conversely, 
Dolichospermum associated negatively with higher DIN:TP ratios.  
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Figure 13: Canonical Correspondence analysis plot with log (base 10) relative biovolume of cyanobacteria genera for all years in the 28 lakes. 
The environmental metric vectors are displayed in the upper-left corner.  
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Table 6: The canonical correlation coefficients for the top two significant axes (correlation coefficients of the samples with respect to the 
features), as well as the goodness of fit (R2) of each vector (the vector position can be found using the CCAI, and CCAII coordinates on the plot).   
  
Metric  CCA I CCA II R2 p 
Year 0.036 0.0534 0.006 0.505 
C
li
m
at
e Temperature -0.133 -0.293 0.147 0.001 
Spring Precipitation -0.163 -0.020 0.027 0.024 
Summer Precipitation -0.125 0.144 0.040 0.009 
Winter Precipitation -0.131 -0.228 0.060 0.002 
A
ci
d
if
ic
at
io
n
 
SO4
2- -0.092 -0.178 0.072 0.001 
Mg 0.266 -0.344 0.224 0.001 
Na -0.017 -0.106 0.031 0.021 
ANCoaa, Ca, pH 0.869 -0.250 0.818 0.001 
Al -0.720 -0.012 0.515 0.001 
N
u
tr
ie
n
ts
 
TP -0.123 -0.622 0.391 0.001 
DIN:TP, NOx, NH4 -0.458 0.234 0.264 0.001 
B
ro
w
n
in
g
 
TOC -0.365 -0.635 0.579 0.001 
AbsF, Fe, Mn -0.669 -0.571 0.773 0.001 
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4.5 Predictors of cyanobacteria relative biovolume  
The genera that increased the most in Sweden responded to different environmental 
drivers (Table 7). The best fitting model was that for Merismopedia (R2 =0.62) When all 
possible combination of variables were averaged, surface water temperature had the 
highest influence (relative influence (RI) = 1.00) and was the only significant coefficient 
in the model (0.042, p<0.05). Due to the difficulty in interpretation of log-transformed 
cyanobacteria relative biovolume and z-score standardized environmental metrics, the 
magnitudes of the coefficients are interpreted only by relative magnitude and direction. 
Chroococcus had the lowest explained variance (R2 = 0.31) and was best explained by 
declines in TOC (-0.043, p<0.05) and SO4
2-
 (-0.043, p<0.05), with RI of 0.88 and 0.86, 
respectively. The significant environmental predictors for Dolichospermum (model R2= 
0.38) were not unidirectional. The strongest predictor was declining Ca (RI= 0.92), while 
increasing Mn was also a strong predictor (RI=0.82). The conditional R2 were similar to 
those found for models of cyanobacteria biovolume in a recent study of 494 European 
lakes (Richardson et al., 2018). 
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Table 7: Mixed linear effects models explaining the relative biovolume of increasing cyanobacteria genera: Merismopedia, Chroococcus, and 
Dolichospermum. Model coefficient estimates (Est) from model averaging are provided below along with the standard error (SE), z-score (z), p-
value (p) and relative influence of the selected variables (RI).  The variance explained by the models is presented as a conditional variance (R2) 
which describes the proportion of variance explained by fixed and random factors. The cells for predictors with p<0.05 are highlighted in red. 
  
Merismopedia (R2= 0.62) Chroococcus (R2= 0.31) Dolichospermum(R2= 0.38) 
Est SE z p RI Est SE z p RI Est SE z p RI 
(Intercept) 
2.7E-
01 
0.07 4.17 
3.0E-
05 
 1.8E-
01 
0.04 4.99 
6.0E-
07 
 2.5E-
01 
0.05 4.99 
6.0E-
07 
 
Temperature 
4.2E-
02 
0.01 3.54 
4.1E-
04 
1.00 
9.0E-
03 
0.02 0.58 0.56 0.30 
1.9E-
02 
0.02 1.13 0.26 0.41 
Summer 
Precipitation 
-1.3E-
03 
0.01 0.10 0.92 0.26 
-1.2E-
02 
0.02 0.72 0.47 0.32 
-1.6E-
04 
0.02 0.01 0.99 0.27 
Winter 
Precipitation 
-6.8E-
03 
0.01 0.56 0.58 0.29 
4.7E-
03 
0.02 0.28 0.78 0.27 
-1.3E-
02 
0.02 0.71 0.48 0.32 
Spring 
Precipitation 
6.5E-
03 
0.01 0.52 0.60 0.29 
1.3E-
02 
0.02 0.79 0.43 0.33 
1.3E-
02 
0.02 0.70 0.48 0.32 
TOC 
-1.3E-
02 
0.02 0.87 0.38 0.36 
-4.3E-
02 
0.02 2.32 0.02 0.88 
-1.8E-
02 
0.02 0.89 0.37 0.35 
AbsF 
-2.4E-
02 
0.02 1.42 0.16 0.53 
-1.5E-
02 
0.02 0.64 0.52 0.33 
-1.1E-
02 
0.02 0.43 0.66 0.30 
Fe 
4.7E-
03 
0.01 0.31 0.75 0.28 
-1.0E-
03 
0.02 0.05 0.96 0.27 
-3.8E-
02 
0.02 1.69 0.09 0.63 
Mn 
5.2E-
03 
0.01 0.41 0.68 0.28 
-1.1E-
02 
0.02 0.74 0.46 0.32 
4.3E-
02 
0.02 2.10 0.04 0.82 
TP 
2.1E-
03 
0.01 0.16 0.88 0.27 
2.9E-
03 
0.02 0.17 0.86 0.27 
1.1E-
02 
0.02 0.63 0.53 0.30 
DIN:TPmolar 
-1.9E-
02 
0.01 1.25 0.21 0.47 
-6.8E-
03 
0.02 0.29 0.77 0.30 
1.1E-
02 
0.02 0.48 0.63 0.30 
NOx 
1.9E-
03 0.01 0.14 0.89 0.27 
2.8E-
02 0.02 1.71 0.09 0.64 
6.6E-
03 0.02 0.37 0.71 0.28 
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NH4 
-1.1E-
02 
0.01 0.77 0.44 0.36 
4.6E-
04 
0.02 0.02 0.98 0.27 
1.3E-
02 
0.02 0.66 0.51 0.32 
SO4
2-
 
2.9E-
02 
0.02 1.50 0.13 0.56 
-4.3E-
02 
0.02 2.21 0.03 0.86 
6.6E-
04 
0.03 0.03 0.98 0.28 
Ca 
-1.1E-
02 
0.02 0.55 0.58 0.31 
-9.7E-
03 
0.02 0.42 0.68 0.31 
-6.7E-
02 
0.03 2.27 0.02 0.92 
Mg 
-5.2E-
03 
0.02 0.28 0.78 0.28 
-2.4E-
03 
0.02 0.12 0.91 0.28 
3.5E-
02 
0.03 1.28 0.20 0.63 
Na 
2.3E-
02 
0.02 1.09 0.28 0.42 
-4.0E-
03 
0.02 0.17 0.86 0.29 
-2.4E-
02 
0.03 0.83 0.41 0.36 
ANCoaa 
-1.8E-
02 
0.02 0.91 0.36 0.39 
-1.9E-
02 
0.03 0.74 0.46 0.37 
1.5E-
02 
0.03 0.57 0.57 0.31 
pH 
-6.1E-
03 
0.01 0.43 0.67 0.29 
1.9E-
03 
0.02 0.11 0.92 0.27 
1.3E-
02 
0.02 0.70 0.48 0.32 
Al 
-1.9E-
02 
0.02 1.23 0.22 0.46 
-2.9E-
02 
0.02 1.65 0.10 0.61 
-2.2E-
02 
0.02 1.08 0.28 0.40 
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Chapter 5  
5 Discussion  
The Anthropocene (Lewis & Maslin, 2015) has ushered in changes in aquatic ecosystems 
that have the potential to enhance the growth of potentially harmful phytoplankton, 
particularly cyanobacteria. However, cyanobacteria are a diverse phytoplankton group 
containing, by best estimates, more than 3,330 species (Guiry, 2013) with differing 
environmental optima, physiology and competition strategies. Due to the high financial 
and technical requirements of conducting broad scale lake surveys (especially 
consistently over long time periods), studies evaluating the effect of global change 
drivers on cyanobacteria using direct taxonomic measurements are rare (Bloch & 
Weyhenmeyer, 2012; Maileht et al., 2012), while research to genus level is especially 
lacking. This study demonstrates the need to move away from viewing cyanobacteria as a 
monolith, but instead, to consider genus-specific environmental tolerances and 
adaptations that may help us better understand the results of the cumulative effects of 
global changes on cyanobacteria dominance. 
There were strong temporal and spatial patterns in the hypothesized controls of 
cyanobacteria dominance. However, the responses in cyanobacteria were less coherent 
among lakes, a finding supported by other studies (e.g., Bloch & Weyhenmeyer, 2012). 
The lack of coherence between hypothesized controls of cyanobacteria and cyanobacteria 
dominance became clearer once cyanobacteria genera were considered. Lakes-specific 
differences in chemical baselines (starting environmental conditions in 1998) within a 
region of synchronous global change were found to influence which cyanobacteria genera 
were present. This, in turn, influences the magnitude and direction of the cyanobacteria 
response to global change. 
5.1 Trends in Cyanobacteria 
Recent syntheses of paleolimnological pigment records provide evidence that 
cyanobacteria abundance has increased disproportionately relative to other phytoplankton 
post c. 1945 in northern latitudes (Taranu et al., 2015). This study shows that this 
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increase can also be observed over shorter time periods (16 years) in Swedish lakes 
(Figure 6, 7). However, the 16-year time series of lake samples revealed that few of the 
lakes experienced what would be considered a mono-specific cyanobacteria bloom, with 
the highest recorded cyanobacteria biovolume at 52% (Appendix B). One definition of 
bloom is > 50 % dominance of cyanobacteria (Molot et al., 2014), though it should be 
noted that there is no consistent agreement on the definition of a cyanobacteria bloom 
(Carvalho et al., 2013). What was observed over the 16-year period was an increase in 
what might be considered ‘transitionary’ cyanobacterial communities (early stages of 
bloom formation) (Sorichetti et al., 2014), which may portend future bloom development 
(Paerl & Huisman, 2009; Sorichetti et al., 2014).   
Trends in cyanobacteria relative biovolume were not geographically homogenous (Figure 
7). Interpolated surfaces of the relative biovolumes of cyanobacteria and cyanobacteria 
genera suggest that the occurrence of high relative biovolumes as well as higher relative 
change occurred on a regional level, herein defined by northern, southwestern and 
southeastern Sweden. If the central dogma in microbial biogeography that “everything is 
everywhere but the environment selects” holds (although this dogma is a subject of 
current debate; Moreira et al., 2013), then the regional differences in environmental 
conditions within lakes could elucidate controls on dominance. In addition, cyanobacteria 
did not respond as an aggregate group. The increase in cyanobacteria was driven by 
increases in a small number of genera (of diverse morphologies; Appendix E), primarily 
the N-fixing filamentous Dolichospermum, the few-celled Chroococcus, and the small, 
colonial Merismopedia with smaller contributions from Radiocystis, Snowella, and 
Woronichinia (Figure 6). Dolichospermum and Merismopedia also demonstrated declines 
in some lakes, however, these declines appeared also to be regional, occurring primarily 
in the north and southwest (Figure 9), which further suggests the importance of regional 
baselines (environmental conditions at the beginning of the time series) and trends in 
predicting the relative biovolume of cyanobacteria, as opposed to more global baselines 
and trends or random variation. 
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5.2 Environmental metrics and changes in cyanobacteria 
5.2.1 Climate change 
It was predicted that higher lake surface water temperatures would lead to higher relative 
biovolume of cyanobacteria. Many cyanobacteria, especially bloom forming species, 
reach their maximal growth rates around 25°C (Paerl & Otten, 2013; Thomas & 
Litchman, 2016). Therefore, increasing water temperatures may stimulate cyanobacteria 
increases and bloom formation (Paerl & Huisman, 2008; Huisman et al., 2018). In this 
study, the southern regions had the highest lake surface water temperatures (unfortunately 
the length of the time series of lake monitoring data was too short to detect any trends in 
the lake surface water temperatures). These regions also had the largest relative 
biovolume of cyanobacteria.  
In the southeast region, Merismopedia was the only genus of cyanobacteria in which 
higher relative lake surface water temperatures were directly related with higher relative 
biovolume. Merismopedia, although typically a colony-former, is classified as a 
picophytoplankton due to small individual cell size (0.2 to 2.0 µm) (Bell & Kalff, 2001). 
Picophytoplankton have amongst the largest growth responses to temperature and obtain 
higher photosynthesis per unit biomass than any other size group of phytoplankton 
(Andersson et al., 1994). It was not surprising then that warmest regions were associated 
with the largest relative proportions of Merismopedia. However, the lack of surface water 
temperature response in other cyanobacteria was not as predicted. One possible 
explanation is that the cyanobacteria are competing with other phytoplankton that may 
also have a strong temperature response. For example, the bloom-forming nuisance alga 
Gonyostomum semen is thought to be stimulated by higher temperatures in Swedish lakes 
and may outcompete cyanobacteria in warmer waters (Rengefors et al., 2012). 
In the southwest region, where lake surface water temperature was the highest, 
Dolichospermum, a bloom-forming genus of cyanobacteria, had the greatest abundances 
and increases. Dolichospermum is the sole N-fixing cyanobacteria that exhibited positive 
trends. Because N fixation is restricted to specialized cells termed heterocysts, 
Dolichospermum filament growth is expected to proceed more slowly than smaller, 
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coccoid cyanobacteria (such as Chroococcus and Merismopedia) (Chan et al., 2006). A 
longer growing season is likely to assist in the development of Dolichospermum, giving 
them enough time to increase their length sufficiently enough to produce heterocysts, fix 
N, and utilize their physiological tool for adaptation in lower DIN environments (Chan et 
al., 2006; Leblanc et al., 2008).  Similar to other enzymatic processes, the enzyme that 
allows Dolichospermum to fix N is temperature dependent (Stal et al., 2009; Brauer et 
al., 2013), which may explain in part why Dolichospermum, is among the species 
increasing in the southeast where summer temperatures are the highest.  
Weyhenmeyer et al. (2004) found that Swedish lakes are experiencing an earlier timing 
of lake ice break-up, but this earlier timing varies along an air temperature gradient in a 
non-linear way, with southern regions experiencing a disproportionately earlier timing of 
ice break-up. In addition to earlier timing of lake ice break-up which leads to longer ice-
free periods, lower precipitation in the southeast may contribute to longer water residence 
time within these lakes. (Romo et al., 2013). Cyanobacteria with buoyancy control 
(Dolichosperum) benefit from the stable conditions and longer residence times as there is 
less resistance to upward and downward movements that allow them to access light in the 
surface waters and scavenge nutrients from deeper waters below the thermocline 
(Kanoshina et al., 2003; Cao et al., 2006). These lake conditions are well-suited to 
Dolichospermum.  
5.2.2 Acidification 
It was predicted that increases in acidification recovery would result in a shift in 
cyanobacteria genera dominance with a decline in acidophilic species such as 
Merismopedia. Experimental acidification of lakes has demonstrated low acid tolerance 
of most cyanobacteria, with phytoplankton communities shifting from cyanobacteria to 
dinoflagellates after acidification (Schindler et al., 1990; Findlay et al., 1999; Vinebrooke 
et al., 2002). The exception appears to be Merismopedia, which is a cyanobacteria that is 
common in acidified lakes (Andersson et al., 1989; Molot et al., 1990). Results from the 
CCA corroborate this difference in pH tolerance, with low pH (ANC, and Ca) separating 
Merismopedia from all other cyanobacteria (Figure 13).  
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A survey of bloom-forming cyanobacteria in Swedish waters also observed the negative 
relationship between acidified regions in the southwestern part of Sweden and the 
occurrence of Dolichospermum (Willén & Mattsson 1997). This biogeographical pattern 
in Dolichospermum appears to have been maintained and may explain why there are 
relatively few Dolichospermum present in southwestern lakes compared to southeastern 
lakes where there are comparable temperatures.  
Despite significant reductions in acid depositions, lakes only exhibited a moderate 
increase in ANC, even when adjusted for organic acid. This is consistent with empirical 
and modelled results of acidification recovery in Sweden (Moldan et al., 2013; Futter et 
al., 2014). Congruous with the recovery phase (Stage 5) of the conceptual model 
presented by Cosby et al. (1985), SO4
2- declines were observed in every lake (Figure 10), 
with rates of SO4
2- decline greatest in the south, especially in the southeast, where 
concentrations were the highest. SO4
2- decline was associated with the observed increase 
in Chroococcus dominance across Sweden (Figure 9, Table 7). Findlay et al. (1999) 
observed declines in Chroococcus when an experimental lake was acidified from pH 6.7 
to pH 5.8. Thus, an association between Chroococcus and acidification could be drawn 
with potential implications for Chroococcus as an indicator of biological recovery from 
acidification. However, overall pH in Swedish lakes increased only by approximately 0.5 
units between 1987 and 2012 (Futter et al., 2014). This suggests that within-lake changes 
in Chroococcus may be in response to changes in strong acid anion concentrations, while 
their presence or absence within a lake is related to pH, which will change only over 
longer time periods. This small change in pH also explains why declines in 
Merismopedia were not observed as predicted. Thus, the 16 year period appears to be too 
short to observe a pH change large enough to result in community shifts, however the 
results suggest that community shifts are likely a possibility in the future.  
Base cation loss was also common, but declined less rapidly than SO4
2-, and declines 
were not as wide-spread. Northern lakes did not appear to experience significant base 
cation declines, likely due to their less intense history of acid deposition (Bernes 1985). 
Lucas et al. (2013) found a similar pattern in Swedish rivers, where they concluded that 
base cations in northern rivers were more closely related to climate variability, while 
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southern rivers responded to declines in acid deposition. Ca declines in particular have 
recently become a management concern due to the potential threat to aquatic organisms, 
especially the crustacean zooplankton community. (Wærvågen et al., 2002; Strecker et 
al., 2008). Daphnia, an important member of the zooplankton community, is sensitive to 
low Ca, and thus is expected to decline (Cairns &Yan 2009). Slow growth rates leave 
Dolichospermum populations highly vulnerable to mortality from zooplankton grazing 
(Chan et al., 2006). Thus, the declines in Ca as a predictor of Dolichospermum relative 
dominance may be related to reduced pressures from grazing (Hessen et al., 2000).  
5.2.3 Nutrients 
It was predicted that declines in the ratio of DIN to TP in lake waters (favouring N 
fixation) would result in an increase in cyanobacteria abundance and a shift in 
cyanobacteria genera to N-fixing genera such as Dolichospermum. Northern lakes 
experienced increases primarily in the abundance of unicellular and/or small-celled 
cyanobacteria Chroococcus, Snowella. and Rhabdogloea with declines in larger 
filamentous forms such as Dolichospermum spp. This pattern may be a response to 
reductions in NOx and NH4. The most northerly lakes are amongst the most oligotrophic 
(Figure 11), and due to their geographical distance from the largest source of pollution 
(central Europe), they are also in the region with the lowest levels of historical acid 
deposition (Bernes 1985). Although, the rate of N change was lowest in the North, Isles 
et al. (2018), in a study of 95 nutrient-poor lakes in Sweden, found that the strongest 
effects of declining DIN concentrations occurred in northern Sweden. N deposition in 
this region was also found to be most strongly correlated to in-lake N (Isles et al., 2018), 
and therefore northern lakes that receive the largest relative proportion of N from diffuse 
anthropogenic sources, are likely to have phytoplankton shifts related to changing 
nutrient concentrations and stoichiometry. Cell size constrains nutrient diffusion and the 
nutrient requirements of phytoplankton cells (Finkel et al., 2010). Thus, the increasing 
nutrient deficiency in the North may be a downward selective factor on cyanobacteria 
cell size indicating that functional traits of cyanobacteria in response to regional trends 
should be considered alongside their phylogeny. 
60 
 
Consistent with what was predicted, DIN:TP ratios were important determinants of the 
dominance of cyanobacteria species, where higher DIN:TP favoured Merismopedia, and 
lower ratios were more closely associated with Chroococcus and Dolichospermum. High 
P- low N is known to support N-fixing filamentous cyanobacteria such as 
Dolichospermum (Schindler et al., 2008). Although, not a known N-fixer, Chroococcus 
have also been observed to be associated with low N:P ratios (Taylor et al., 1979). 
However, the physiological explanation for this association is not well understood. 
Contrary to what was predicted, change in DIN:TP ratios or concentrations of either N 
form were not significant predictors of cyanobacteria dominance in these lakes (Table 7). 
A recent N enrichment experiment performed in six unproductive Swedish lakes 
demonstrated that increasing N concentrations had the effect of increasing phytoplankton 
biovolume, while the composition of the phytoplankton within the community remained 
unchanged (Deininger et al., 2017). If N acts solely as a modulator of phytoplankton 
quantity and not community constituents, it would follow that reductions in N would not 
influence the relative biovolume of cyanobacteria until a critical niche threshold is 
passed. Given the heterogeneity in lake environment conditions and their response to 
global change drivers, there were too few lakes with similar conditions to meaningfully 
test critical thresholds.  
5.2.4 Browning 
It was predicted that increases in browning would result in an increase in cyanobacteria 
abundance. The region that had the greatest increase in browning was in the south, 
particularly the southeast. Kritzberg & Ekström (2012), conducted a study of 30 rivers 
draining into the Swedish coast and, found that browning increased the most in southern 
rivers, while little change was seen in central Sweden. Diverging from our results, they 
observed significant increases in browning of northern rivers, although the increases were 
smaller than for southern rivers (Kritzberg & Ekström, 2012). This discrepancy is likely 
due to the mismatch between river and lake chemistry. 
Chroococcus was the cyanobacteria with the highest median increase of all genera and 
was the sole genus where higher relative biovolume could be predicted by TOC, in this 
case, lower TOC. Although it was predicted that increases of TOC in nutrient poor lakes 
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would increase the relative dominance of cyanobacteria, it appears to have had the 
opposite effect on Chroococcus. There is little information on this specific genus and its 
relationship with TOC. However, a 2007 study found that when two coccoid 
phytoplankton Desmodesmus communis (green algae) and Chroococcus minutus were 
exposed to natural organic matter, the yields of both primary producers were reduced, but 
the reductions were greater for C. minutus (Heinrich, 2007). This suggests a particular 
sensitivity of Chroococcus to browning.  
Both trace metals related to browning (Fe and Mn) had the highest concentration in 
southern Sweden. Two processes control Fe and Mn availability in freshwaters (Wetzel, 
2001). The first is bottom water anoxia and the subsequent release of Fe and Mn from 
sediments (Wetzel, 2001). Although, bottom water anoxia was not measured as part of 
the Swedish long-term monitoring program, there are several known mechanistic 
connections between rising browning levels and subsequent declines of oxygen 
(Tanentzap et al., 2008; Solomon et al., 2015; Knoll et al., 2018).  
The second is the DOM associated delivery of Fe and Mn to lakes from the surrounding 
landscape. DOM forms stable complexes with Fe3+and Mn2+ (Zajicek & Pojasek, 1976; 
Ekström et al., 2016). This second source of Fe and Mn forms may provide an 
explanation for the increase in the relative biovolume of Dolichospermum in southeastern 
lakes. Dolichospermum, a cyanobacteria known to produce specialized iron-binding 
ligands termed siderophores (Wilhelm & Trick, 1994), may be able to utilize Fe from 
DOM Sorichetti et al. (2014), reducing the available pool of Fe, leaving Mn in solution. 
If Fe, which is required for N-fixation (Berman-Frank et al., 2007), is only available 
through a highly specialized mechanism, this allows Dolichospermum to unlock a 
nutrient source that allows them to outcompete other phytoplankton.  
5.3 Revised conceptual model and implications  
The findings of this study suggest that the relative dominance of cyanobacteria genera 
that are experiencing the greatest increases (Merismopedia, Chroococcus, and 
Dolichospermum) could be predicted based on (a) if that genus was present within a lake 
(which was a function of the environmental suitability of the lake), and (b) if the global 
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change drivers were having an effect on that lake. Each of the responsive cyanobacteria 
genera responded to a different set of drivers and therefore the prediction of future 
cyanobacteria dominance will be both lake-dependent and genus-dependent.  
Merismopedia were associated predominantly with more acidic lakes, with higher 
relative dominance of Merismopedia within those lakes with higher temperatures. Given 
the expectation that temperature will continue to rise in Sweden (SMHI, 2018), acidic 
lakes with Merismopedia might be expected to see increases in cyanobacteria dominance. 
Merismopedia rarely produce dense blooms (Vincent 2009); however, they are known to 
produce toxins (Furtado et al., 2009) and therefore may pose challenges to aquatic 
ecosystems.  
Chroococcus were associated predominantly in lakes with reductions in SO4
2-, but 
without browning. This suggests potential trade-offs between global change drivers, as 
decreases in SO4
2-  deposition have been linked to increases in browning (Monteith et al., 
2007). The positive effect of reduced SO4
2- for Chroococcus might be suppressed by 
browning in lakes where both changes are occurring simultaneously.  
However, since browning occurred in a relatively small proportion of lakes (Figure 10), 
Chroococcus was able to increase their relative biovolume in Swedish lakes over the 16 
years. It is unclear if more lakes will undergo the process of browning as acidification 
recovery progresses, and if so, if this will suppress Chrooccocus increases.   
Dolichospermum was associated predominantly with lower precipitation, higher pH, and 
lower DIN:TP ratios (Figure 13). Unlike in the other two genera, the drivers of change 
that promote Dolichospermum are predicted to become more pronounced in the future, 
with potential for synergistic effects (Futter et al., 2014; Weyhenmeyer et al., 2016). This 
is a potential widespread concern, as the presence of Dolichospermum is common  
throughout northern latitudes (Sivonen et al., 1990; Skulberg et al., 1994; Willén & 
Mattsson 1997; Winter et al., 2011), and they are also known to produce blooms as well 
as hepato-, neuro-, and saxi-toxins (Rapala et al., 1993; Willén & Mattsson 1997; 
Sivonen & Jones 1999; Dittmann et al., 2013).  
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The predicted direction of the global change drivers have antagonistic effects for 
Chrooccocus, and potentially antagonistic effects for Merismopedia if recovery from 
acidification increases pH and lowers DIN:TP further. Conversely, all of the studied 
drivers that promote Dolichospermum are predicted to progress in a direction that favours 
it. Furthermore, it is possible these effects will interact in a non-linear way 
synergystically favouring Dolichospermum and resulting in blooms. 
 
Figure 14: Conceptual model based on CCA, and GLMM predicting Merismopedia, 
Chroococcus, and Dolichospermum environmental niche and drivers of positive (+) and negative 
(-) change within those environmental niches.  
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Chapter 6  
6 Conclusions  
6.1 Research Findings 
The goals of this thesis were twofold: first, to determine if increases in the absolute and 
relative biovolume of cyanobacteria occurred; and second, to test the hypothesis that 
broad-scale drivers of change (increasing temperatures, declining acidification and 
DIN:TP ratios, and browning) are driving increases in cyanobacteria dominance.  
An increase in both absolute and relative biovolume of cyanobacteria in Swedish lakes 
occurred over the study time period. However, the increases were regional and driven 
primarily by a small number of genera: Chroococcus, Merismopedia, and 
Dolichospermum. The increasing dominance of these three genera could be explained 
both by the environmental suitability of a lake (low and high pH), as well as the global 
change drivers acting upon them. Merismopedia occurred in lower pH lakes with higher 
DIN:TP ratios, while higher temperatures led to higher relative biovolume of 
Merismopedia. Chroococcus occurred in higher pH lakes, and responded to lower SO4
2- 
in the absence of browning. Dolichospermum occurred in higher pH lakes, but with lower 
DIN:TP, while recovery from acidification (lower Ca), and browning (associated higher 
Mn and Fe) promoted higher relative biovolume. In northern latitudes it is anticipated 
that temperature and browning will increase (Kjellström et al., 2014; Finstad et al., 2016) 
while decreases are expected for acidification and DIN:TP ratios (Futter et al., 2014, Isles 
et al., 2018). Therefore, there are likely to be antagonistic effects on drivers of 
Merismopedia and Chroococcus relative abundance in northern lakes, while trends in 
Dolichospermum drivers are expected to be favourable for growth.   
6.2 Research Significance 
Human activity now rivals that of geological forcing when it comes to influencing the 
trajectory of the biosphere, climate, and society (Steffen et al., 2018). Increasing 
cyanobacteria dominance in northern lakes promoted by anthropogenic atmospheric 
changes demonstrates the extent to which humanity is at risk for disrupting freshwater 
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resources. In particular, Indigenous communities in northern latitudes will face increasing 
challenges in accessing safe drinking water and ecosystems services from lakes as the 
incidence of cyanobacteria bloom formation continues to rise (Bradford et al., 2016).  
This research offers a revision to the existing conceptual model that describes the factors 
regulating cyanobacteria dominance in low nutrient lakes. The existing paradigm of P 
and N (co-)limitation (individually or as a ratio) and increased temperature as promoters 
of cyanobacteria dominance was found to be too simplistic. It is evident that this model 
must be expanded to include global change drivers such as recovery from acidification 
and browning. There are also important genus-specific differences that, when considered 
at only the group level, will obscure interpretations of environmental drivers. There was 
no “one-size-fits-all” model for predicting effects of global change on cyanobacteria. The 
response to environmental drivers was not coherent across lakes, due to the differing 
chemical starting conditions among lakes within regions of similar environmental 
changes. These starting conditions likely played an important role in determining the 
initial phytoplankton community and in particular the presence of a particular genus, 
which then determined, depending on their unique adaptations, their response to changing 
global drivers.  
Most of the climate changes and atmospheric deposition experienced in northern lakes 
find their source thousands of kilometers away. In order to ensure water security for the 
north, a continued focus on reductions of emissions (carbon and acidifying agents) is 
paramount; and enhanced ambition at the individual, business, city, and county level are 
required in order to reduce the risks to freshwater resources.  
6.3 Future Research Direction 
More research is required at the level of the catchment in terms of how landscape 
controls (catchment morphology, size, vegetation, and geology) determine how global 
changes manifest themselves within lakes. In addition, the focus of this study was on 
cyanobacteria as a component of the photosynthetic plankton community. However, lake 
ecosystems are much more complex and include interactions amongst other members of 
base levels of the food webs including other phytoplankton, macrophytes, bacteria, and 
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fungi. Policy and management measures must also acknowledge top-down controls in 
their potential for influencing cyanobacteria response to global change including 
predation by zooplankton and planktovorous fish. Comprehensive studies evaluating 
these links given baseline environmental conditions and predicted global change drivers 
would further build our understanding of how humans are altering the environment in 
such a way that could adversely affect our own well-being. 
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Appendices  
Appendix A: Supplementary information on methods  
Calculation of Acid Neutalizing Capacity:  
 
(1) ANC = 2[Ca2+] + 2[Mg2+] + [Na+] + [K+] -  [Cl-] - [NO3-] - 2[SO42-],                                                         
This value is often adjusted in order to account for the negative charge that is associated 
with organic acids (see Lydersen et al., 2004), a potentially important component given 
the observed trend in browning. This Organic Acid Adjusted Acid Neutralizing Capacity 
(ANCoaa), following Lyndersen et al (2004) is estimated as: 
(2) ANCoaa = ANC - ([TOC] *CD* (1/3) )  
Where [TOC] is given in (mg C)−1  and adjusted by a charge denisty (CD) of 10.2 µeq 
(mg C)−1 (Hruska et al., 2001), assuming that (1/3) of the charge sites are permanently 
dissociated (strong acid fraction of TOC) (for more details see Lydersen et al., 2004).  
 
Hruška, J., Kohler, S., Laudon, H., Bishop, K. 2003. Is a universal model of organic  
  acidity possible: Comparison of the acid/base properties of dissolved organic  
  carbon in the boreal and temperate zones. Environmental Science and  
  Technology, 37:1726-1730. doi: 10.1021/es0201552.  
Lydersen, E., Larssen, T., Fjeld, E. 2004. The influence of total organic carbon (TOC) on  
  the relationship between acid neutralizing capacity (ANC) and fish status in  
  Norwegian lakes. Science of the Total Environment, 362:63-69. doi:  
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Appendix B: Relative biovolume raw data for cyanobacteria over time  
Table A1: Relative biovolume of cyanobacteria, by lake and year. 1= Cyanobacteria, 2=Aphanizomenon, 3=Aphanocapsa, 4=Aphanothece, 5= 
Chroococcus, 6=Cyanocatena, 7=Cyanodictyon, 8=Dolichospermum, 9=Merismopedia, 10= Microcystis, 11=Planktothrix, 12=Radiocystis, 
13=Rhabdogloea, 14=Snowella, 15= Woronichinia.  25-30%, 30-40%, 40-50%, >50%.  
Name Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Älgarydssjön 1998 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Älgarydssjön 1999 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
Älgarydssjön 2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Älgarydssjön 2001 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Älgarydssjön 2002 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Älgarydssjön 2003 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Älgarydssjön 2004 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Älgarydssjön 2005 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 
Älgarydssjön 2006 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Älgarydssjön 2007 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Älgarydssjön 2008 0.41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.41 0.00 0.00 0.00 0.00 0.00 0.00 
Älgarydssjön 2009 0.77 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.77 0.00 0.00 0.00 0.00 0.00 0.00 
Älgarydssjön 2010 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 
Älgarydssjön 2011 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
Älgarydssjön 2012 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.00 0.00 
Älgarydssjön 2013 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 
Allgjuttern 1998 0.53 0.00 0.00 0.00 0.00 0.00 0.00 0.49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Allgjuttern 1999 1.23 0.00 0.00 0.00 0.00 0.00 0.00 1.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Allgjuttern 2000 32.73 0.00 0.00 0.00 30.29 0.00 0.00 2.45 0.58 0.00 0.00 0.00 0.00 0.00 0.00 
Allgjuttern 2001 5.71 0.00 0.00 0.00 1.19 0.00 0.00 2.24 1.07 0.00 0.00 0.07 0.00 0.00 0.26 
Allgjuttern 2002 35.21 0.00 0.00 0.00 1.49 0.00 0.00 1.14 32.58 0.00 0.00 0.00 0.00 0.00 0.00 
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Allgjuttern 2003 27.51 0.00 0.00 0.00 7.88 0.00 0.00 0.95 26.68 0.00 0.00 1.03 0.63 0.00 0.00 
Allgjuttern 2004 15.34 0.00 0.00 0.00 2.82 0.00 0.00 3.14 10.59 0.00 0.00 3.99 0.17 0.00 0.00 
Allgjuttern 2005 15.61 0.00 0.00 0.00 10.73 0.00 0.00 2.36 8.91 0.00 0.00 0.21 1.26 0.00 0.00 
Allgjuttern 2006 14.95 0.00 0.00 0.00 3.28 0.00 0.00 2.46 14.08 0.00 0.00 0.22 0.00 0.15 0.00 
Allgjuttern 2007 4.93 0.00 0.00 0.00 0.09 0.00 0.00 0.73 4.20 0.00 0.00 0.31 0.06 0.00 0.00 
Allgjuttern 2008 13.60 0.00 0.00 0.00 0.08 0.00 0.00 1.19 11.50 0.00 0.00 0.56 0.25 0.08 0.00 
Allgjuttern 2009 9.98 0.00 0.00 0.00 0.41 0.00 0.00 2.33 8.48 0.00 0.00 0.10 0.06 0.00 0.00 
Allgjuttern 2010 34.73 0.00 0.00 0.00 5.22 0.00 0.00 0.00 33.93 0.00 0.00 11.23 0.21 0.00 0.00 
Allgjuttern 2011 18.98 0.00 0.00 0.00 11.94 0.00 0.00 11.77 0.83 0.00 0.00 1.98 0.64 0.18 0.00 
Allgjuttern 2012 4.02 0.00 0.00 0.00 0.54 0.00 0.00 0.00 3.94 0.00 0.00 0.13 0.05 0.00 0.00 
Allgjuttern 2013 26.77 0.00 0.00 0.10 21.14 0.00 0.00 1.85 6.22 0.00 0.00 3.84 0.00 0.83 0.14 
Björken 1998 8.28 0.00 0.00 4.36 1.76 0.46 0.00 1.43 0.00 0.00 0.00 0.23 0.01 0.00 0.03 
Björken 1999 7.92 0.00 0.00 0.00 1.21 0.00 0.00 0.00 0.00 0.00 0.00 0.30 0.42 5.16 0.13 
Björken 2000 2.86 0.10 0.00 0.00 0.90 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.35 
Björken 2001 5.72 0.00 0.00 1.15 0.43 0.00 0.00 0.00 0.37 0.00 0.00 0.00 0.57 2.96 0.00 
Björken 2002 16.09 0.00 0.00 0.71 1.29 0.00 0.00 0.57 0.01 0.46 0.00 0.29 0.06 11.23 1.33 
Björken 2003 8.30 0.00 0.00 0.00 0.16 0.00 0.00 0.00 0.03 0.22 0.00 3.77 0.12 0.97 0.00 
Björken 2004 12.11 0.00 0.00 0.00 2.64 0.00 0.00 0.55 1.38 0.00 0.00 1.26 0.08 2.58 1.30 
Björken 2005 8.80 0.00 0.00 0.00 0.58 0.00 0.00 0.00 0.19 0.00 0.00 3.59 0.38 2.20 0.26 
Björken 2006 22.79 0.00 0.00 0.00 0.00 0.11 0.00 0.09 0.00 0.00 0.00 0.07 0.28 0.01 21.69 
Björken 2007 5.71 0.00 0.00 0.68 0.98 0.00 0.00 0.00 0.00 0.14 0.00 0.27 0.02 0.37 3.10 
Björken 2008 6.80 0.00 0.00 0.26 0.09 0.00 0.00 0.00 0.00 0.15 0.00 0.15 0.06 0.00 5.25 
Björken 2009 6.85 0.00 0.00 0.00 1.20 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 1.71 2.79 
Björken 2010 15.86 0.00 0.00 2.09 4.86 0.29 0.00 0.00 0.06 0.16 0.00 2.11 0.04 1.73 3.27 
Björken 2011 7.69 0.00 0.00 2.67 0.75 0.00 0.00 0.42 0.06 0.00 0.12 0.34 0.04 0.28 1.32 
Björken 2012 4.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.52 0.00 0.00 0.00 0.00 0.00 0.00 
Björken 2013 4.94 0.00 0.04 0.05 0.65 0.00 0.00 0.00 0.22 0.63 0.00 0.41 0.01 2.26 0.66 
Brännträsket 1998 1.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.97 0.00 0.00 0.00 0.00 0.00 0.00 
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Brännträsket 1999 3.67 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.76 0.00 0.00 0.00 0.00 0.00 0.00 
Brännträsket 2000 11.56 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.04 0.00 10.41 0.00 0.00 0.00 0.79 
Brännträsket 2001 24.10 0.00 0.00 0.00 0.04 0.00 0.00 1.39 0.00 0.00 22.13 0.00 0.00 0.00 0.38 
Brännträsket 2002 9.29 0.00 0.00 0.00 0.00 0.00 0.00 3.20 3.70 0.00 1.08 0.00 0.00 0.00 0.80 
Brännträsket 2003 2.72 0.00 0.00 0.00 0.22 0.00 0.00 0.66 1.23 0.00 0.00 0.00 0.00 0.03 0.41 
Brännträsket 2004 0.86 0.00 0.00 0.00 0.01 0.00 0.00 0.04 0.44 0.00 0.00 0.00 0.00 0.03 0.18 
Brännträsket 2005 1.28 0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.00 0.00 0.74 0.02 0.00 0.00 0.00 
Brännträsket 2006 0.89 0.00 0.00 0.00 0.07 0.00 0.00 0.31 0.04 0.00 0.34 0.04 0.00 0.01 0.00 
Brännträsket 2007 4.00 0.00 0.00 0.00 1.27 0.00 0.00 0.98 0.36 0.00 0.00 0.01 0.00 0.06 0.44 
Brännträsket 2008 0.53 0.00 0.00 0.00 0.13 0.00 0.00 0.00 0.02 0.00 0.00 0.01 0.00 0.28 0.00 
Brännträsket 2009 3.10 0.00 0.07 0.08 0.05 0.00 0.00 0.15 0.02 0.00 1.84 0.00 0.00 0.51 0.00 
Brännträsket 2010 10.08 0.00 0.00 1.07 0.05 0.00 0.00 0.00 0.28 0.00 8.18 0.00 0.00 0.00 0.39 
Brännträsket 2011 0.91 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.18 0.00 0.24 0.01 0.00 0.15 0.26 
Brännträsket 2012 2.11 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.03 0.00 1.73 0.00 0.00 0.00 0.23 
Brännträsket 2013 3.48 0.00 0.08 0.00 0.09 0.00 0.00 2.35 0.09 0.00 0.74 0.00 0.00 0.01 0.12 
Brunnsjön 1998 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Brunnsjön 1999 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Brunnsjön 2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Brunnsjön 2001 11.61 0.00 0.00 0.00 0.00 0.00 0.00 0.00 11.61 0.00 0.00 0.00 0.00 0.00 0.00 
Brunnsjön 2002 8.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.10 0.00 0.00 0.00 0.00 0.00 0.00 
Brunnsjön 2003 12.91 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.91 0.00 0.00 0.00 0.00 0.00 0.00 
Brunnsjön 2004 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.14 0.00 0.00 0.00 0.00 0.00 0.00 
Brunnsjön 2005 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 
Brunnsjön 2006 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Brunnsjön 2007 0.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.38 0.00 0.00 0.00 0.00 0.00 0.00 
Brunnsjön 2008 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Brunnsjön 2009 6.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.00 0.00 0.00 0.00 0.00 0.00 0.00 
Brunnsjön 2010 19.42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 19.42 0.00 0.00 0.00 0.00 0.00 0.00 
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Brunnsjön 2011 18.78 0.00 0.00 0.00 0.00 0.00 0.00 0.00 18.78 0.00 0.00 0.00 0.00 0.00 0.00 
Brunnsjön 2012 7.79 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.79 0.00 0.00 0.00 0.00 0.00 0.00 
Brunnsjön 2013 43.75 0.00 0.00 0.00 0.00 0.00 0.00 0.00 43.75 0.00 0.00 0.00 0.00 0.00 0.00 
Dagarn 1998 1.44 0.00 0.00 0.00 0.00 0.00 0.00 0.33 0.38 0.00 0.00 0.39 0.22 0.12 0.00 
Dagarn 1999 7.34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.04 0.00 0.00 1.43 0.58 0.50 0.00 
Dagarn 2000 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.88 0.00 0.00 0.10 0.22 0.05 0.55 
Dagarn 2001 2.58 0.00 0.00 0.00 0.32 0.00 0.00 0.00 0.04 0.49 0.00 0.49 0.75 0.24 0.00 
Dagarn 2002 12.90 0.00 0.00 0.00 6.16 0.00 0.00 1.32 0.95 0.00 3.11 0.54 0.00 0.02 0.39 
Dagarn 2003 5.23 0.00 0.00 0.00 0.34 0.00 0.00 0.00 3.50 0.00 0.00 0.67 0.05 0.17 0.45 
Dagarn 2004 2.70 0.00 0.00 0.00 0.63 0.00 0.00 0.00 0.72 0.00 0.00 0.28 0.41 0.22 0.00 
Dagarn 2005 3.89 0.00 0.00 0.00 1.14 0.00 0.00 0.00 0.26 0.00 1.26 0.35 0.01 0.06 0.59 
Dagarn 2006 6.16 0.00 0.00 0.00 0.20 0.00 0.00 0.95 1.00 0.00 0.60 1.46 1.04 0.00 0.37 
Dagarn 2007 4.57 0.00 0.00 0.00 1.41 0.00 0.00 0.00 0.53 0.00 0.00 0.94 0.71 0.33 0.29 
Dagarn 2008 3.37 0.00 0.00 0.00 0.17 0.00 0.00 1.80 0.09 0.00 0.00 0.85 0.06 0.04 0.00 
Dagarn 2009 3.50 0.00 0.00 0.00 0.68 0.00 0.76 0.00 0.27 0.00 0.00 0.09 0.62 0.43 0.39 
Dagarn 2010 5.00 0.00 0.00 0.75 1.40 0.00 0.00 0.00 0.11 0.00 0.00 0.00 1.71 0.04 0.65 
Dagarn 2011 6.68 0.00 0.00 2.03 1.75 0.24 0.80 0.08 0.43 0.00 0.00 0.24 0.00 0.37 0.44 
Dagarn 2012 11.06 0.00 0.00 0.04 2.72 0.00 0.00 5.37 0.14 0.15 0.00 2.24 0.12 0.06 0.19 
Dagarn 2013 3.92 0.00 0.00 0.17 0.83 0.00 0.00 0.00 0.00 0.00 0.98 0.34 0.06 0.89 0.34 
Degervattnet 1998 2.65 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.65 
Degervattnet 1999 2.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 2.08 
Degervattnet 2000 2.25 0.00 0.00 0.00 0.00 0.00 0.00 0.83 0.00 0.00 0.00 0.00 0.00 0.00 1.40 
Degervattnet 2001 1.52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.49 0.00 0.00 0.00 0.94 
Degervattnet 2002 3.27 0.00 0.00 0.00 0.15 0.00 0.00 0.00 0.09 0.00 0.73 0.26 0.00 0.47 1.54 
Degervattnet 2003 1.47 0.00 0.00 0.00 0.00 0.00 0.00 0.33 0.55 0.00 0.10 0.16 0.00 0.04 0.13 
Degervattnet 2004 2.84 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.39 0.00 0.00 0.28 1.73 
Degervattnet 2005 3.62 0.00 0.00 0.00 1.48 0.00 0.00 0.60 0.00 0.00 0.00 0.06 0.00 0.00 1.44 
Degervattnet 2006 1.85 0.00 0.00 0.00 0.00 0.00 0.00 0.30 0.00 0.00 0.00 0.02 0.00 0.01 1.52 
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Degervattnet 2007 1.69 0.00 0.00 0.00 0.75 0.00 0.00 0.69 0.00 0.00 0.00 0.05 0.00 0.00 0.00 
Degervattnet 2008 2.96 0.00 0.00 0.00 0.00 0.00 0.00 2.80 0.00 0.00 0.00 0.00 0.00 0.00 0.14 
Degervattnet 2009 1.51 0.00 0.00 0.00 0.00 0.00 0.04 1.33 0.00 0.00 0.00 0.00 0.00 0.08 0.00 
Degervattnet 2010 4.44 0.00 0.00 0.00 0.00 0.00 0.00 0.39 0.02 0.00 3.56 0.00 0.00 0.00 0.48 
Degervattnet 2011 5.13 0.00 0.00 0.10 0.03 0.00 0.02 2.16 0.00 0.00 0.00 0.02 0.00 0.37 2.20 
Degervattnet 2012 1.60 0.00 0.00 0.00 0.26 0.00 0.00 0.30 0.01 0.00 0.19 0.18 0.00 0.00 0.67 
Degervattnet 2013 5.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 3.93 0.49 0.00 0.25 0.49 
Dunnervattnet 1998 0.43 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.43 0.00 0.00 0.00 0.00 0.00 0.00 
Dunnervattnet 1999 2.37 0.00 0.00 0.00 0.00 0.00 0.00 1.35 0.92 0.00 0.00 0.00 0.00 0.00 0.00 
Dunnervattnet 2000 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.00 0.00 
Dunnervattnet 2001 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Dunnervattnet 2002 3.69 0.00 0.00 0.00 0.72 0.00 0.00 0.13 2.31 0.00 0.00 0.00 0.00 0.54 0.00 
Dunnervattnet 2003 6.01 0.00 0.00 0.00 0.31 0.00 0.00 3.76 1.01 0.00 0.00 0.00 0.00 0.11 0.00 
Dunnervattnet 2004 1.62 0.00 0.00 0.00 0.19 0.00 0.00 0.00 0.67 0.00 0.00 0.00 0.00 0.07 0.49 
Dunnervattnet 2005 0.92 0.00 0.00 0.00 0.01 0.00 0.00 0.09 0.64 0.00 0.00 0.00 0.00 0.01 0.00 
Dunnervattnet 2006 4.21 0.00 0.00 0.00 0.74 0.00 0.00 0.14 0.43 0.00 0.00 0.00 0.00 0.38 2.39 
Dunnervattnet 2007 2.24 0.00 0.00 0.00 1.38 0.00 0.00 0.04 0.21 0.00 0.00 0.00 0.00 0.21 0.25 
Dunnervattnet 2008 5.58 0.00 0.00 0.00 0.43 0.00 0.00 0.00 2.55 0.00 0.00 0.00 0.00 0.13 2.24 
Dunnervattnet 2009 1.32 0.00 0.00 0.00 0.26 0.00 0.00 0.37 0.58 0.00 0.00 0.00 0.00 0.09 0.00 
Dunnervattnet 2010 3.58 0.00 0.00 0.00 0.08 0.00 0.00 3.27 0.10 0.00 0.00 0.00 0.00 0.08 0.02 
Dunnervattnet 2011 3.03 0.00 0.00 0.00 1.40 0.00 0.00 0.00 1.26 0.00 0.00 0.00 0.00 0.26 0.00 
Dunnervattnet 2012 7.82 0.00 0.00 0.00 0.00 0.00 0.00 7.66 0.16 0.00 0.00 0.00 0.00 0.00 0.00 
Dunnervattnet 2013 4.19 0.00 0.00 0.00 3.72 0.00 0.00 0.00 0.26 0.00 0.00 0.00 0.00 0.00 0.00 
Ekholmssjön 1998 0.96 0.00 0.00 0.00 0.12 0.03 0.00 0.00 0.44 0.00 0.00 0.10 0.00 0.00 0.00 
Ekholmssjön 1999 4.59 0.00 0.00 0.00 0.18 0.54 0.00 0.68 1.45 0.00 0.00 0.71 0.00 0.03 0.27 
Ekholmssjön 2000 0.72 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.08 0.00 
Ekholmssjön 2001 3.06 0.00 0.00 0.00 0.42 0.00 0.00 2.38 0.00 0.00 0.00 0.00 0.00 0.03 0.00 
Ekholmssjön 2002 3.07 0.00 0.00 0.00 1.44 0.00 0.00 0.04 0.05 0.00 0.00 0.00 0.00 0.00 0.00 
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Ekholmssjön 2003 0.59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.56 0.00 0.00 0.00 0.00 0.00 0.00 
Ekholmssjön 2004 4.62 0.29 0.00 0.00 0.17 0.00 0.00 0.11 0.57 0.00 1.79 0.12 0.00 0.37 0.00 
Ekholmssjön 2005 4.35 0.00 0.00 0.00 2.41 0.00 0.00 0.60 0.10 0.00 0.00 0.01 0.00 0.00 0.00 
Ekholmssjön 2006 0.90 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.33 0.00 0.00 0.00 0.00 0.11 0.00 
Ekholmssjön 2007 0.46 0.00 0.00 0.00 0.19 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 
Ekholmssjön 2008 0.54 0.00 0.00 0.00 0.35 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Ekholmssjön 2009 1.69 0.00 0.00 0.00 0.80 0.00 0.00 0.00 0.39 0.00 0.00 0.00 0.00 0.08 0.00 
Ekholmssjön 2010 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.04 0.00 0.00 0.00 0.00 0.00 0.00 
Ekholmssjön 2011 3.35 2.65 0.16 0.00 0.00 0.00 0.00 0.00 0.39 0.00 0.00 0.00 0.00 0.12 0.00 
Ekholmssjön 2012 3.20 0.00 0.18 0.00 2.39 0.00 0.00 0.42 0.11 0.00 0.00 0.00 0.00 0.00 0.00 
Ekholmssjön 2013 6.27 0.90 0.00 0.00 3.24 0.06 0.00 1.80 0.18 0.00 0.00 0.00 0.00 0.02 0.05 
Fagertärn 1998 2.55 0.00 0.00 0.00 0.00 0.00 0.00 2.09 0.43 0.00 0.00 0.00 0.00 0.00 0.00 
Fagertärn 1999 0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.27 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
Fagertärn 2000 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fagertärn 2001 1.54 0.00 0.00 0.00 0.00 0.00 0.00 1.37 0.16 0.00 0.00 0.00 0.00 0.00 0.00 
Fagertärn 2002 1.61 0.09 0.00 0.00 0.00 0.00 0.00 1.01 0.42 0.00 0.00 0.09 0.00 0.00 0.00 
Fagertärn 2003 0.60 0.00 0.00 0.00 0.00 0.00 0.00 0.40 0.20 0.00 0.00 0.00 0.00 0.00 0.00 
Fagertärn 2004 3.24 0.00 0.00 0.00 0.00 0.00 0.00 0.46 2.77 0.00 0.00 0.00 0.00 0.00 0.00 
Fagertärn 2005 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.08 
Fagertärn 2006 1.44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.11 0.00 0.00 0.00 0.00 0.00 0.32 
Fagertärn 2007 0.57 0.00 0.00 0.00 0.00 0.00 0.00 0.32 0.09 0.00 0.00 0.00 0.00 0.00 0.16 
Fagertärn 2008 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 
Fagertärn 2009 2.34 0.00 0.00 0.00 0.00 0.00 0.00 1.70 0.22 0.00 0.00 0.00 0.00 0.00 0.07 
Fagertärn 2010 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.06 
Fagertärn 2011 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.12 
Fagertärn 2012 3.13 0.00 0.00 0.00 0.00 0.00 0.00 3.00 0.07 0.00 0.00 0.00 0.00 0.00 0.03 
Fagertärn 2013 1.04 0.00 0.00 0.00 0.00 0.00 0.00 0.73 0.08 0.00 0.00 0.00 0.00 0.00 0.00 
Gipsjön 1998 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Gipsjön 1999 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gipsjön 2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gipsjön 2001 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gipsjön 2002 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gipsjön 2003 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gipsjön 2004 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gipsjön 2005 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gipsjön 2006 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
Gipsjön 2007 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Gipsjön 2008 1.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.08 0.00 0.00 0.00 0.00 0.00 0.00 
Gipsjön 2009 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gipsjön 2010 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gipsjön 2011 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gipsjön 2012 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gipsjön 2013 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gosjön 1998 0.12 0.00 0.00 0.00 0.00 0.01 0.00 0.05 0.01 0.00 0.00 0.00 0.00 0.00 0.01 
Gosjön 1999 0.31 0.00 0.00 0.00 0.00 0.00 0.00 0.28 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
Gosjön 2000 0.21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.19 0.00 0.00 0.00 0.02 
Gosjön 2001 0.17 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.03 0.00 0.00 0.00 0.00 0.00 0.02 
Gosjön 2002 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.02 
Gosjön 2003 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.02 0.00 
Gosjön 2004 0.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.23 0.00 0.00 0.00 0.15 0.07 
Gosjön 2005 1.44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.38 0.00 0.00 0.00 0.00 0.04 0.00 
Gosjön 2006 0.54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.34 0.00 0.00 0.00 0.00 0.09 0.08 
Gosjön 2007 0.51 0.00 0.00 0.00 0.00 0.00 0.00 0.33 0.04 0.00 0.00 0.00 0.00 0.00 0.12 
Gosjön 2008 0.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
Gosjön 2009 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gosjön 2010 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 
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Gosjön 2011 0.46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.10 
Gosjön 2012 0.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.13 0.17 
Gosjön 2013 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.05 0.08 
Grissjön 1998 51.84 0.00 0.00 0.00 0.00 0.00 0.00 0.00 51.84 0.00 0.00 0.00 0.00 0.00 0.00 
Grissjön 1999 36.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 36.25 0.00 0.00 0.00 0.00 0.00 0.00 
Grissjön 2000 21.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 21.40 0.00 0.00 0.00 0.00 0.00 0.00 
Grissjön 2001 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.00 0.00 
Grissjön 2002 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 
Grissjön 2003 0.34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.34 0.00 0.00 0.00 0.00 0.00 0.00 
Grissjön 2004 0.41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.41 0.00 0.00 0.00 0.00 0.00 0.00 
Grissjön 2005 1.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.06 0.00 0.00 0.00 0.00 0.00 0.00 
Grissjön 2006 0.48 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.47 0.00 0.01 0.00 0.00 0.00 0.00 
Grissjön 2007 0.58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.58 0.00 0.00 0.00 0.00 0.00 0.00 
Grissjön 2008 13.66 0.00 0.00 0.00 0.02 0.00 0.00 0.00 13.64 0.00 0.00 0.00 0.00 0.00 0.00 
Grissjön 2009 0.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.38 0.00 0.00 0.00 0.00 0.00 0.00 
Grissjön 2010 0.30 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.24 0.00 0.00 0.00 0.00 0.00 0.00 
Grissjön 2011 3.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.01 0.00 0.00 0.00 0.00 0.00 0.00 
Grissjön 2012 0.58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.58 0.00 0.00 0.00 0.00 0.00 0.00 
Grissjön 2013 9.74 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.74 0.00 0.00 0.00 0.00 0.00 0.00 
Hinnasjön 1998 4.54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.54 0.00 0.00 0.00 0.00 0.00 0.00 
Hinnasjön 1999 1.64 0.00 0.00 0.00 0.00 0.00 0.00 0.41 1.18 0.00 0.00 0.00 0.00 0.00 0.00 
Hinnasjön 2000 2.08 0.00 0.00 0.00 0.00 0.00 0.00 1.54 0.46 0.00 0.00 0.00 0.00 0.04 0.00 
Hinnasjön 2001 2.04 0.00 0.00 0.00 0.00 0.00 0.00 0.17 1.76 0.00 0.00 0.00 0.00 0.04 0.02 
Hinnasjön 2002 1.85 0.00 0.00 0.00 0.00 0.00 0.00 0.22 1.58 0.00 0.00 0.00 0.00 0.00 0.00 
Hinnasjön 2003 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hinnasjön 2004 4.53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.53 0.00 0.00 0.00 0.00 0.00 0.00 
Hinnasjön 2005 1.39 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.39 0.00 0.00 0.00 0.00 0.00 0.00 
Hinnasjön 2006 1.51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.10 0.00 0.00 0.00 0.00 0.23 0.00 
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Hinnasjön 2007 2.96 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.96 0.00 0.00 0.00 0.00 0.00 0.00 
Hinnasjön 2008 4.56 0.00 0.00 0.00 0.00 0.00 0.00 0.82 3.68 0.00 0.00 0.00 0.00 0.00 0.06 
Hinnasjön 2009 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 
Hinnasjön 2010 1.48 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.17 0.00 0.00 1.00 0.00 
Hinnasjön 2011 5.48 0.00 0.15 0.00 0.00 0.00 0.11 0.00 3.97 0.00 0.00 0.00 0.00 0.00 0.00 
Hinnasjön 2012 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.00 0.00 0.00 0.00 0.00 0.00 
Hinnasjön 2013 0.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.02 0.00 
Hjärtsjön 1998 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hjärtsjön 1999 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hjärtsjön 2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hjärtsjön 2001 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hjärtsjön 2002 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hjärtsjön 2003 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hjärtsjön 2004 0.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.19 0.00 0.00 0.00 0.00 0.00 0.00 
Hjärtsjön 2005 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hjärtsjön 2006 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.14 0.00 0.00 0.00 0.00 0.00 0.00 
Hjärtsjön 2007 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hjärtsjön 2008 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hjärtsjön 2009 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hjärtsjön 2010 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hjärtsjön 2011 0.05 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 
Hjärtsjön 2012 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hjärtsjön 2013 5.64 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.64 0.00 0.00 0.00 0.00 0.00 0.00 
Hökesjön 1998 2.02 0.00 0.00 0.00 0.44 0.03 0.00 1.17 0.00 0.00 0.07 0.00 0.00 0.31 0.00 
Hökesjön 1999 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hökesjön 2000 0.72 0.00 0.00 0.00 0.00 0.00 0.00 0.49 0.00 0.00 0.00 0.00 0.00 0.24 0.00 
Hökesjön 2001 3.88 0.00 0.00 0.00 3.16 0.00 0.00 0.61 0.00 0.00 0.00 0.00 0.00 0.01 0.11 
Hökesjön 2002 1.32 0.00 0.00 0.00 0.79 0.00 0.00 0.00 0.00 0.00 0.53 0.00 0.00 0.00 0.00 
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Hökesjön 2003 1.77 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.04 
Hökesjön 2004 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.01 0.06 
Hökesjön 2005 8.19 0.00 0.00 0.00 4.03 0.00 0.00 3.00 0.00 0.00 0.74 0.00 0.00 0.42 0.00 
Hökesjön 2006 13.38 0.00 0.00 0.00 0.00 0.00 0.00 12.92 0.00 0.00 0.00 0.00 0.00 0.00 0.45 
Hökesjön 2007 1.94 0.00 0.00 0.00 1.41 0.00 0.00 0.20 0.00 0.00 0.22 0.00 0.00 0.00 0.12 
Hökesjön 2008 5.27 0.00 0.00 0.00 0.00 0.00 0.00 4.40 0.00 0.00 0.56 0.00 0.00 0.00 0.32 
Hökesjön 2009 2.30 0.00 0.00 0.00 0.00 0.00 0.00 2.12 0.00 0.00 0.00 0.00 0.00 0.08 0.00 
Hökesjön 2010 2.97 0.00 0.00 0.00 0.00 0.00 0.00 2.25 0.00 0.00 0.66 0.00 0.00 0.00 0.00 
Hökesjön 2011 33.54 0.60 0.00 0.00 0.00 0.00 0.00 31.97 0.00 0.00 0.96 0.00 0.00 0.02 0.00 
Hökesjön 2012 46.74 0.00 0.00 0.00 0.15 0.00 0.00 44.63 0.00 0.00 0.60 0.00 0.00 1.15 0.21 
Hökesjön 2013 15.72 0.00 0.00 0.00 0.00 0.00 0.00 14.28 0.89 0.00 0.00 0.00 0.00 0.02 0.53 
Limmingsjön 1998 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.26 
Limmingsjön 1999 3.62 0.00 0.00 0.00 0.00 0.00 0.00 1.32 0.00 0.00 0.00 0.00 0.00 0.00 2.26 
Limmingsjön 2000 8.97 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 7.08 0.00 0.00 0.00 1.85 
Limmingsjön 2001 0.49 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.38 
Limmingsjön 2002 0.76 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.31 
Limmingsjön 2003 1.52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.14 0.00 0.00 0.00 0.00 0.00 0.00 
Limmingsjön 2004 1.88 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.73 0.00 0.00 0.00 0.00 0.16 0.00 
Limmingsjön 2005 4.16 0.00 0.00 0.00 0.00 0.00 0.00 3.18 0.45 0.00 0.00 0.00 0.00 0.00 0.31 
Limmingsjön 2006 6.11 0.00 0.00 0.00 0.00 0.00 0.00 5.40 0.07 0.00 0.00 0.00 0.00 0.00 0.59 
Limmingsjön 2007 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.06 0.00 
Limmingsjön 2008 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 
Limmingsjön 2009 0.47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.19 0.27 
Limmingsjön 2010 2.18 0.00 0.00 0.00 0.00 0.00 0.00 0.50 1.12 0.00 0.00 0.00 0.00 0.00 0.44 
Limmingsjön 2011 3.47 0.00 0.00 0.00 1.12 0.00 0.00 0.00 0.66 0.00 0.00 0.01 0.00 0.03 1.61 
Limmingsjön 2012 1.51 0.00 0.00 0.00 0.00 0.00 0.00 1.07 0.00 0.00 0.00 0.00 0.00 0.00 0.37 
Limmingsjön 2013 2.89 0.00 0.00 0.40 0.00 0.00 0.00 0.00 1.33 0.00 0.00 0.00 0.00 0.33 0.24 
Louvvajaure 1998 5.40 0.00 0.00 0.00 0.00 0.00 0.00 4.98 0.12 0.00 0.00 0.06 0.24 0.00 0.00 
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Louvvajaure 1999 6.12 0.00 0.08 0.00 0.09 0.00 0.00 2.88 0.75 0.00 0.00 0.33 1.03 0.78 0.00 
Louvvajaure 2000 2.32 0.00 0.00 0.00 0.27 0.00 0.00 0.37 0.01 0.00 0.00 0.63 0.27 0.70 0.00 
Louvvajaure 2001 4.05 0.00 0.00 0.00 0.01 0.00 0.00 0.31 0.08 0.00 0.00 0.09 1.19 2.23 0.00 
Louvvajaure 2002 14.14 0.00 0.89 0.00 0.00 0.00 0.00 0.00 1.97 0.00 0.00 0.51 7.28 3.46 0.00 
Louvvajaure 2003 12.94 0.00 0.00 0.00 0.13 0.00 0.00 0.00 0.10 0.00 0.00 3.52 7.71 0.16 0.00 
Louvvajaure 2004 12.51 0.00 0.00 0.00 0.16 0.00 0.00 8.29 0.02 0.00 0.00 0.00 2.85 1.16 0.00 
Louvvajaure 2005 8.09 0.00 0.24 0.00 0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.91 5.39 1.06 0.00 
Louvvajaure 2006 11.96 0.00 0.00 0.00 1.11 0.00 0.00 2.43 0.00 0.00 0.00 0.79 5.99 1.58 0.00 
Louvvajaure 2007 1.34 0.00 0.00 0.00 0.16 0.00 0.00 0.09 0.05 0.00 0.00 0.12 0.73 0.00 0.00 
Louvvajaure 2008 12.80 0.00 0.00 0.13 8.88 0.00 0.00 0.00 0.01 0.00 0.00 0.98 0.55 1.73 0.00 
Louvvajaure 2009 9.69 0.00 0.00 1.24 0.65 0.00 0.86 0.92 0.00 0.00 0.00 0.32 1.72 3.29 0.00 
Louvvajaure 2010 15.80 0.00 0.00 0.00 7.92 0.00 0.55 0.00 0.04 0.00 0.00 0.22 5.05 1.62 0.00 
Louvvajaure 2011 6.20 0.00 0.00 0.00 0.10 0.00 0.34 0.00 0.00 0.00 0.00 0.81 2.84 0.35 0.00 
Louvvajaure 2012 7.27 0.00 0.00 0.00 5.30 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.98 0.38 0.00 
Louvvajaure 2013 3.30 0.00 0.00 0.00 0.19 0.00 0.52 0.00 0.00 0.00 0.00 0.00 0.69 1.22 0.00 
Översjön 1998 4.59 0.00 0.00 0.00 4.59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Översjön 1999 0.24 0.00 0.00 0.00 0.24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Översjön 2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Översjön 2001 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Översjön 2002 19.85 0.00 0.00 0.00 19.85 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Översjön 2003 3.85 0.00 0.00 0.00 3.85 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Översjön 2004 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Översjön 2005 11.08 0.00 0.00 0.00 11.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Översjön 2006 20.54 0.00 0.00 0.00 20.54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Översjön 2007 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Översjön 2008 2.27 0.00 0.00 0.00 2.27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Översjön 2009 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Översjön 2010 3.89 0.00 0.00 0.00 3.89 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Översjön 2011 13.47 0.00 0.00 0.00 13.47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Översjön 2012 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Översjön 2013 0.04 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Övre Skärsjön 1998 25.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 25.66 0.00 0.00 0.00 0.00 0.00 0.00 
Övre Skärsjön 1999 4.97 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.97 0.00 0.00 0.00 0.00 0.00 0.00 
Övre Skärsjön 2000 0.26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.26 0.00 0.00 0.00 0.00 0.00 0.00 
Övre Skärsjön 2001 1.78 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.78 0.00 0.00 0.00 0.00 0.00 0.00 
Övre Skärsjön 2002 20.61 0.00 0.00 0.00 0.00 0.00 0.00 0.00 20.61 0.00 0.00 0.00 0.00 0.00 0.00 
Övre Skärsjön 2003 10.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.66 0.00 0.00 0.00 0.00 0.00 0.00 
Övre Skärsjön 2004 2.65 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.65 0.00 0.00 0.00 0.00 0.00 0.00 
Övre Skärsjön 2005 7.31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.31 0.00 0.00 0.00 0.00 0.00 0.00 
Övre Skärsjön 2006 9.96 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.96 0.00 0.00 0.00 0.00 0.00 0.00 
Övre Skärsjön 2007 9.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.16 0.00 0.00 0.00 0.00 0.00 0.00 
Övre Skärsjön 2008 12.98 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.98 0.00 0.00 0.00 0.00 0.00 0.00 
Övre Skärsjön 2009 5.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.14 0.00 0.00 0.00 0.00 0.00 0.00 
Övre Skärsjön 2010 13.72 0.00 0.00 0.00 0.00 0.00 0.00 0.00 13.72 0.00 0.00 0.00 0.00 0.00 0.00 
Övre Skärsjön 2011 5.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.50 0.00 0.00 0.00 0.00 0.00 0.00 
Övre Skärsjön 2012 2.55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.55 0.00 0.00 0.00 0.00 0.00 0.00 
Övre Skärsjön 2013 5.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.06 0.00 0.00 0.00 0.00 0.00 0.00 
Pahajärvi 1998 2.45 0.00 0.00 0.26 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.13 0.00 
Pahajärvi 1999 0.24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 
Pahajärvi 2000 7.17 0.00 0.00 0.00 0.00 0.00 0.00 6.56 0.03 0.00 0.00 0.00 0.00 0.00 0.00 
Pahajärvi 2001 12.81 0.00 0.00 0.00 0.00 0.00 0.00 11.85 0.00 0.00 0.00 0.00 0.00 0.33 0.14 
Pahajärvi 2002 23.80 0.00 0.00 0.00 0.00 0.00 0.00 23.78 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
Pahajärvi 2003 23.04 0.00 0.00 0.00 0.00 0.00 0.00 22.14 0.80 0.00 0.00 0.00 0.00 0.01 0.00 
Pahajärvi 2004 27.06 0.00 0.00 0.00 0.00 0.00 0.00 26.60 0.08 0.00 0.00 0.00 0.00 0.07 0.07 
Pahajärvi 2005 7.84 0.00 0.00 0.00 0.00 0.00 0.00 1.36 5.56 0.00 0.00 0.00 0.00 0.08 0.00 
Pahajärvi 2006 23.02 0.00 0.00 0.00 0.00 0.00 0.00 22.60 0.11 0.00 0.00 0.00 0.00 0.01 0.00 
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Pahajärvi 2007 20.07 0.00 0.00 0.00 0.00 0.00 0.00 19.52 0.16 0.00 0.00 0.00 0.00 0.10 0.00 
Pahajärvi 2008 10.63 0.00 0.00 0.00 0.00 0.00 0.08 9.95 0.22 0.00 0.00 0.00 0.00 0.14 0.11 
Pahajärvi 2009 24.57 0.00 0.00 0.82 0.00 1.72 0.00 21.59 0.06 0.00 0.00 0.01 0.00 0.26 0.00 
Pahajärvi 2010 2.06 0.00 0.00 0.00 0.00 0.00 0.00 1.89 0.15 0.00 0.00 0.00 0.00 0.02 0.00 
Pahajärvi 2011 15.57 0.00 0.00 0.00 0.00 0.00 0.00 14.74 0.13 0.00 0.00 0.00 0.00 0.22 0.44 
Pahajärvi 2012 2.08 0.00 0.00 0.00 0.00 0.02 0.00 1.60 0.19 0.00 0.00 0.00 0.00 0.00 0.25 
Pahajärvi 2013 19.53 0.00 0.04 0.00 1.07 0.06 0.00 17.93 0.23 0.00 0.00 0.00 0.00 0.19 0.00 
Remmarsjön 1998 3.11 0.00 0.00 0.00 0.00 0.00 0.00 3.11 0.08 0.00 0.00 0.00 0.00 0.00 0.00 
Remmarsjön 1999 0.81 0.00 0.00 0.00 0.00 0.00 0.00 0.81 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Remmarsjön 2000 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.00 0.00 
Remmarsjön 2001 5.90 0.05 0.00 0.00 0.00 0.00 0.00 5.90 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Remmarsjön 2002 3.79 0.00 0.00 0.00 0.00 0.00 0.00 1.20 2.59 0.00 0.00 0.00 0.00 0.00 0.00 
Remmarsjön 2003 1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.82 0.00 0.00 0.00 0.00 0.00 0.00 
Remmarsjön 2004 1.62 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.62 0.00 0.00 0.00 0.00 0.00 0.00 
Remmarsjön 2005 1.23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.23 0.00 0.00 0.00 0.00 0.00 0.00 
Remmarsjön 2006 6.97 0.00 0.00 0.00 0.15 0.00 0.00 6.87 2.10 0.00 0.00 0.00 0.00 0.00 0.00 
Remmarsjön 2007 1.49 0.00 0.00 0.00 0.24 0.00 0.00 1.49 0.48 0.00 0.00 0.00 0.00 0.00 0.00 
Remmarsjön 2008 1.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.01 0.00 0.00 0.00 0.00 0.00 0.00 
Remmarsjön 2009 0.69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.65 0.00 0.00 0.00 0.00 0.00 0.00 
Remmarsjön 2010 3.40 0.00 0.00 0.00 0.00 0.00 0.00 3.40 0.71 0.00 0.00 0.00 0.00 0.00 0.00 
Remmarsjön 2011 2.68 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.22 0.00 0.00 0.00 0.00 0.00 0.00 
Remmarsjön 2012 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Remmarsjön 2013 1.07 0.00 0.00 0.07 0.00 0.00 0.00 0.00 1.07 0.00 0.00 0.00 0.00 0.01 0.00 
Skärgölen 1998 0.20 0.00 0.08 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Skärgölen 1999 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Skärgölen 2000 0.21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.16 0.00 0.00 0.00 0.00 0.02 0.00 
Skärgölen 2001 0.27 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.15 0.00 0.00 0.00 0.00 0.00 0.00 
Skärgölen 2002 0.42 0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.06 0.00 0.00 0.00 0.00 0.00 0.00 
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Skärgölen 2003 0.97 0.00 0.00 0.00 0.00 0.00 0.00 0.50 0.11 0.00 0.00 0.01 0.00 0.23 0.00 
Skärgölen 2004 0.65 0.00 0.00 0.00 0.15 0.00 0.00 0.17 0.03 0.00 0.00 0.00 0.00 0.18 0.00 
Skärgölen 2005 4.58 0.00 0.00 0.00 1.29 0.00 0.00 0.00 2.91 0.00 0.00 0.00 0.00 0.13 0.00 
Skärgölen 2006 1.13 0.00 0.00 0.00 0.21 0.00 0.00 0.46 0.00 0.00 0.00 0.00 0.00 0.10 0.00 
Skärgölen 2007 0.37 0.00 0.00 0.00 0.29 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.05 0.00 
Skärgölen 2008 0.67 0.00 0.00 0.00 0.00 0.00 0.00 0.28 0.00 0.00 0.00 0.00 0.00 0.01 0.00 
Skärgölen 2009 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 
Skärgölen 2010 1.93 0.00 0.00 0.00 0.15 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.13 0.16 
Skärgölen 2011 4.38 0.04 0.00 0.29 0.73 0.00 0.00 0.08 1.09 0.00 0.00 0.04 0.00 0.19 0.09 
Skärgölen 2012 0.26 0.00 0.00 0.00 0.15 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.06 
Skärgölen 2013 7.74 0.00 0.00 0.00 0.00 0.00 0.00 6.62 0.29 0.00 0.00 0.00 0.00 0.05 0.28 
Stensjön 1998 22.98 0.00 0.00 0.53 0.43 0.03 0.00 0.79 21.92 0.00 0.00 0.00 0.17 0.07 0.00 
Stensjön 1999 20.35 0.00 0.00 0.00 1.39 0.00 0.00 2.82 19.63 0.00 0.00 0.00 0.12 0.00 0.00 
Stensjön 2000 10.50 0.00 0.00 0.00 0.07 0.00 0.00 1.87 10.24 0.00 0.00 0.00 0.00 0.00 0.00 
Stensjön 2001 5.33 0.00 0.00 0.00 0.65 0.00 0.00 0.39 4.64 0.00 0.00 0.00 0.00 0.00 0.00 
Stensjön 2002 7.08 0.00 0.00 0.00 0.81 0.00 0.00 1.47 4.41 0.00 0.00 0.00 0.06 0.00 0.00 
Stensjön 2003 27.51 0.00 0.00 0.00 0.31 0.00 0.00 6.30 26.94 0.00 0.00 0.00 0.00 0.00 0.00 
Stensjön 2004 6.32 0.00 0.00 0.00 1.25 0.00 0.00 0.00 4.41 0.00 0.00 0.00 0.00 0.00 0.00 
Stensjön 2005 6.99 0.00 0.15 0.00 0.82 0.00 0.00 1.87 5.82 0.00 0.00 0.00 0.00 0.00 0.00 
Stensjön 2006 7.61 0.00 0.00 0.00 0.06 0.00 0.00 1.43 6.40 0.00 0.00 0.00 0.00 0.38 0.00 
Stensjön 2007 6.08 0.00 0.05 0.00 0.28 0.00 0.00 0.00 5.98 0.00 0.00 0.00 0.33 0.00 0.00 
Stensjön 2008 5.02 0.00 0.00 0.16 0.00 0.00 0.00 0.00 4.71 0.00 0.00 0.00 0.00 0.02 0.00 
Stensjön 2009 11.92 0.00 0.00 0.00 0.00 0.00 0.00 0.00 11.83 0.00 0.00 0.00 0.00 0.00 0.00 
Stensjön 2010 8.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.32 0.00 0.82 0.00 0.07 0.00 0.00 
Stensjön 2011 9.52 0.00 0.13 0.00 1.65 0.00 0.00 0.26 8.83 0.00 0.00 0.00 0.00 0.10 0.00 
Stensjön 2012 21.43 0.00 0.00 0.00 0.00 0.00 0.00 0.71 20.87 0.00 0.00 0.00 0.00 0.00 0.00 
Stensjön 2013 10.96 0.00 0.53 1.27 4.41 0.28 0.00 0.00 6.44 0.00 0.00 0.00 0.00 0.03 0.00 
St Envättern 1998 18.53 0.00 0.00 0.00 0.00 0.08 0.00 0.67 17.17 0.00 0.00 0.78 0.08 0.07 0.00 
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St Envättern 1999 18.24 0.00 0.07 0.32 4.38 0.09 0.00 0.64 15.15 0.00 0.00 5.11 0.20 0.57 0.00 
St Envättern 2000 11.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 11.17 0.00 0.00 0.03 0.01 0.00 0.00 
St Envättern 2001 7.85 0.00 0.00 0.00 4.74 0.00 0.00 0.26 6.15 0.00 0.00 0.12 0.00 0.00 0.10 
St Envättern 2002 21.28 0.00 0.00 0.00 0.05 0.00 0.00 0.00 21.22 0.00 0.00 0.12 0.00 0.10 0.00 
St Envättern 2003 18.58 0.00 0.00 0.00 0.15 0.00 0.00 0.00 15.09 0.00 0.00 3.27 0.13 0.46 0.00 
St Envättern 2004 35.45 0.00 0.14 0.00 1.84 0.03 0.00 0.00 33.08 0.00 0.00 1.41 0.08 0.08 0.00 
St Envättern 2005 27.08 0.00 0.07 0.00 3.95 0.00 0.00 0.00 26.47 0.00 0.00 0.80 0.07 0.19 0.00 
St Envättern 2006 22.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 21.23 0.00 0.00 0.20 0.08 0.27 0.00 
St Envättern 2007 5.13 0.00 0.00 0.29 0.07 0.00 0.00 1.46 2.57 0.00 0.00 0.38 0.06 0.41 0.00 
St Envättern 2008 15.07 0.00 0.00 0.00 1.99 0.00 0.00 1.32 8.16 0.00 0.00 0.51 0.17 3.09 1.05 
St Envättern 2009 23.72 0.00 0.00 0.00 0.00 0.00 0.00 0.00 23.11 0.00 0.00 0.00 0.05 0.98 0.40 
St Envättern 2010 7.20 0.00 0.00 0.00 0.00 0.00 0.00 2.67 5.81 0.00 0.00 0.10 0.03 0.20 0.00 
St Envättern 2011 41.13 0.00 0.00 0.00 2.34 0.00 0.00 1.36 39.94 0.00 0.00 0.35 0.01 3.23 0.00 
St Envättern 2012 26.88 0.00 0.00 1.32 0.09 0.00 0.00 7.17 16.35 0.00 0.00 0.00 0.02 0.65 0.54 
St Envättern 2013 42.40 0.00 0.00 0.00 0.40 0.00 0.00 2.02 38.91 0.00 0.00 0.60 0.59 0.32 0.00 
Storasjö 1998 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Storasjö 1999 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Storasjö 2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Storasjö 2001 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Storasjö 2002 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Storasjö 2003 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.00 
Storasjö 2004 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Storasjö 2005 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Storasjö 2006 2.23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.23 0.00 0.00 0.00 0.00 0.00 0.00 
Storasjö 2007 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Storasjö 2008 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 
Storasjö 2009 0.39 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.39 0.00 0.00 0.00 0.00 0.00 0.00 
Storasjö 2010 0.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.00 0.00 0.00 0.00 0.00 0.00 
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Storasjö 2011 0.43 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Storasjö 2012 0.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.17 0.00 0.00 0.00 0.00 0.00 0.00 
Storasjö 2013 1.63 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.63 0.00 0.00 0.00 0.00 0.00 0.00 
Tärnan 1998 7.17 1.98 0.00 0.81 0.23 0.43 0.00 0.74 0.02 0.00 0.00 0.16 0.01 1.20 1.47 
Tärnan 1999 13.99 1.94 0.00 0.00 0.09 0.00 0.00 1.68 0.06 0.49 0.00 0.59 0.00 0.24 6.87 
Tärnan 2000 17.03 7.10 0.00 0.00 0.00 0.00 0.00 1.25 0.08 1.35 0.00 0.21 0.01 0.15 5.33 
Tärnan 2001 8.97 2.41 0.00 0.00 0.00 0.00 0.00 3.11 0.00 0.00 0.00 0.20 0.38 0.07 2.51 
Tärnan 2002 13.49 10.51 0.00 0.00 0.00 0.00 0.00 1.66 0.04 0.64 0.00 0.13 0.00 0.00 0.34 
Tärnan 2003 15.94 0.89 0.00 0.00 0.74 0.07 0.00 9.66 0.00 0.63 0.00 1.02 0.31 0.37 2.11 
Tärnan 2004 7.76 0.00 0.00 0.00 1.91 0.07 0.46 1.77 0.00 0.00 0.00 0.54 0.42 0.60 1.73 
Tärnan 2005 11.26 0.00 0.00 0.00 0.31 0.00 0.00 1.28 0.42 0.00 0.00 0.24 0.15 0.11 4.60 
Tärnan 2006 11.05 0.00 0.00 0.00 0.52 0.00 0.00 8.22 0.00 0.00 0.00 0.69 0.01 0.46 1.01 
Tärnan 2007 1.90 0.00 0.00 0.00 0.10 0.00 0.00 0.69 0.12 0.00 0.00 0.33 0.01 0.04 0.45 
Tärnan 2008 10.43 0.00 0.00 0.00 0.32 0.00 0.00 7.31 0.01 0.00 0.00 0.21 0.00 0.06 2.04 
Tärnan 2009 12.22 6.70 0.00 0.00 0.50 0.00 0.00 0.00 0.00 1.62 0.00 0.00 0.00 0.64 0.18 
Tärnan 2010 9.15 0.00 0.00 0.00 0.18 0.00 0.00 7.37 0.00 0.00 0.00 0.49 0.01 0.08 0.51 
Tärnan 2011 18.38 0.00 0.00 0.00 0.63 0.00 0.00 13.38 0.00 0.49 0.00 0.31 0.00 0.14 1.20 
Tärnan 2012 26.58 0.00 0.00 0.00 3.00 0.00 0.00 18.02 0.02 0.16 0.00 0.97 0.00 0.09 3.11 
Tärnan 2013 27.17 0.00 0.00 0.00 0.00 0.00 0.00 22.68 0.04 0.00 0.00 0.03 0.00 0.07 1.62 
Vuolgamjaure 1998 1.67 0.00 0.02 0.00 0.16 0.03 0.00 0.00 0.97 0.00 0.00 0.11 0.00 0.00 0.00 
Vuolgamjaure 1999 6.35 0.00 0.00 0.00 1.21 0.00 0.00 2.56 1.96 0.00 0.00 0.26 0.00 0.00 0.00 
Vuolgamjaure 2000 1.39 0.00 0.00 0.00 1.04 0.00 0.00 0.07 0.08 0.00 0.06 0.06 0.00 0.00 0.00 
Vuolgamjaure 2001 2.87 0.00 0.00 0.00 0.34 0.00 0.00 2.10 0.13 0.00 0.00 0.03 0.00 0.00 0.00 
Vuolgamjaure 2002 3.02 0.00 0.00 0.00 0.65 0.00 0.00 1.14 0.28 0.00 0.00 0.12 0.00 0.14 0.00 
Vuolgamjaure 2003 4.52 0.00 0.00 0.00 0.28 0.00 0.00 1.35 1.30 0.00 0.00 1.48 0.00 0.01 0.00 
Vuolgamjaure 2004 4.34 0.00 0.40 0.00 0.64 0.00 0.00 2.83 0.06 0.00 0.00 0.07 0.00 0.00 0.00 
Vuolgamjaure 2005 6.65 0.00 0.00 0.00 1.82 0.00 0.00 2.18 0.20 0.00 1.63 0.61 0.00 0.01 0.00 
Vuolgamjaure 2006 2.61 0.00 0.00 0.00 0.77 0.00 0.00 0.46 0.25 0.00 0.00 0.79 0.00 0.23 0.00 
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Vuolgamjaure 2007 4.36 0.00 0.00 0.00 0.31 0.00 0.00 0.99 0.61 0.00 0.00 1.69 0.00 0.00 0.00 
Vuolgamjaure 2008 2.60 0.00 0.00 0.00 0.27 0.00 0.00 0.23 0.57 0.00 0.00 0.09 0.00 0.51 0.00 
Vuolgamjaure 2009 4.00 0.00 0.00 0.00 2.95 0.32 0.00 0.00 0.05 0.00 0.00 0.18 0.00 0.35 0.00 
Vuolgamjaure 2010 0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.39 0.00 0.00 0.00 0.00 0.12 0.00 
Vuolgamjaure 2011 1.48 0.00 0.00 0.00 0.84 0.06 0.00 0.00 0.03 0.00 0.00 0.33 0.01 0.08 0.00 
Vuolgamjaure 2012 0.17 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 
Vuolgamjaure 2013 10.56 0.00 0.00 0.00 4.88 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.33 0.00 
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Appendix C: Lake relative biovolume of cyanobacteria with time 
 
Figure C1: Relative biovolume (y-axis) of Cyanobacteria over the study period (1998-2013) in each lake.  
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Figure C2: Relative biovolume (y-axis) of Dolichospermum over the study period (1998-2013) in each lake.  
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Figure C3: Relative biovolume (y-axis) of Merismopedia over the study period (1998-2013) in each lake.  
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Figure C4: Relative biovolume (y-axis) of Chroococcus over the study period (1998-2013) in each lake. 
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Appendix D: Temporal trends in cyanobacteria relative biovolume  
Table D1: Lake specific trends (as Kendall τ coefficients with p-values and the Theil Sen 
Slope (%yr-1)) for cyanobacteria (all) and cyanobacteria genera.  
Genus Lake 
Absolute Biovolume (mm3L-1) Relative Biovolume (%) 
τ p TS τ p TS 
Cyanobacteria 
Älgarydssjön 
0.24 0.21 9.17E-06 0.44 0.02 3.01E-03 
Merismopedia 0.24 0.21 9.17E-06 0.44 0.02 3.01E-03 
Cyanobacteria 
Allgjuttern 
0.05 0.79 8.46E-04 0.08 0.65 4.76E-01 
Aphanothece 0.35 0.10 0.00E+00 0.35 0.10 0.00E+00 
Chroococcus 0.21 0.26 2.54E-04 0.24 0.19 2.65E-01 
Dolichospermum -0.07 0.72 -3.17E-05 -0.03 0.89 -3.09E-03 
Merismopedia 0.13 0.50 8.40E-04 0.18 0.34 3.20E-01 
Radiocystis 0.53 0.00 1.77E-04 0.51 0.01 5.12E-02 
Rhabdogloea 0.24 0.22 1.04E-05 0.27 0.17 4.00E-03 
Snowella 0.42 0.04 0.00E+00 0.45 0.03 0.00E+00 
Woronichinia 0.08 0.69 0.00E+00 0.08 0.69 0.00E+00 
Cyanobacteria 
Björken 
-0.15 0.42 -1.01E-03 -0.12 0.53 -1.16E-01 
Aphanizomenon -0.26 0.23 0.00E+00 -0.26 0.23 0.00E+00 
Aphanocapsa 0.35 0.10 0.00E+00 0.35 0.10 0.00E+00 
Aphanothece 0.02 0.92 0.00E+00 0.02 0.92 0.00E+00 
Chroococcus -0.18 0.34 -1.73E-04 -0.21 0.26 -4.87E-02 
Cyanocatena -0.08 0.69 0.00E+00 -0.08 0.69 0.00E+00 
Dolichospermum -0.24 0.25 0.00E+00 -0.24 0.25 0.00E+00 
Merismopedia 0.33 0.09 1.78E-05 0.33 0.09 5.31E-03 
Microcystis 0.21 0.30 0.00E+00 0.22 0.27 0.00E+00 
Planktothrix 0.26 0.23 0.00E+00 0.26 0.23 0.00E+00 
Radiocystis -0.01 0.96 0.00E+00 0.03 0.86 0.00E+00 
Rhabdogloea -0.41 0.03 -2.94E-05 -0.36 0.05 -8.50E-03 
Snowella -0.14 0.44 -2.01E-04 -0.16 0.39 -8.01E-02 
Woronichinia 0.24 0.19 2.90E-04 0.24 0.19 9.97E-02 
Cyanobacteria 
Brännträsket 
-0.10 0.59 -3.05E-04 -0.13 0.47 -7.50E-02 
Aphanocapsa 0.39 0.07 0.00E+00 0.39 0.07 0.00E+00 
Aphanothece 0.29 0.18 0.00E+00 0.29 0.18 0.00E+00 
Chroococcus 0.36 0.06 1.52E-05 0.33 0.08 3.22E-03 
Dolichospermum -0.10 0.61 -1.58E-05 -0.12 0.52 -6.89E-03 
Merismopedia -0.22 0.24 -1.58E-04 -0.27 0.15 -4.43E-02 
Planktothrix 0.17 0.38 7.71E-05 0.12 0.55 0.00E+00 
Radiocystis 0.15 0.47 0.00E+00 0.15 0.47 0.00E+00 
Snowella 0.37 0.06 4.32E-06 0.38 0.05 1.03E-03 
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Genus Lake 
Absolute Biovolume (mm3L-1) Relative Biovolume (%) 
τ p TS τ p TS 
Woronichinia -0.10 0.61 0.00E+00 -0.08 0.68 0.00E+00 
Cyanobacteria 
Brunnsjön 
0.35 0.07 1.68E-03 0.42 0.03 6.58E-01 
Merismopedia 0.35 0.07 1.68E-03 0.42 0.03 6.58E-01 
Cyanobacteria 
Dagarn 
0.20 0.28 7.95E-04 0.28 0.13 1.73E-01 
Aphanothece 0.57 0.01 0.00E+00 0.57 0.01 0.00E+00 
Chroococcus 0.48 0.01 4.64E-04 0.50 0.01 1.05E-01 
Cyanocatena 0.26 0.23 0.00E+00 0.26 0.23 0.00E+00 
Cyanodictyon 0.32 0.13 0.00E+00 0.32 0.13 0.00E+00 
Dolichospermum 0.12 0.57 0.00E+00 0.14 0.50 0.00E+00 
Merismopedia -0.53 0.00 -2.83E-04 -0.40 0.03 -6.77E-02 
Microcystis 0.05 0.81 0.00E+00 0.05 0.81 0.00E+00 
Planktothrix 0.07 0.72 0.00E+00 0.05 0.81 0.00E+00 
Radiocystis -0.18 0.32 -9.35E-05 -0.05 0.79 -4.11E-03 
Rhabdogloea -0.10 0.59 -6.36E-05 -0.03 0.89 -1.04E-03 
Snowella -0.01 0.96 -1.00E-06 0.08 0.65 3.88E-03 
Woronichinia 0.24 0.20 9.67E-05 0.17 0.36 8.91E-03 
Cyanobacteria 
Degervattnet 
0.10 0.59 1.06E-04 0.22 0.24 8.90E-02 
Aphanothece 0.26 0.23 0.00E+00 0.26 0.23 0.00E+00 
Chroococcus 0.18 0.38 0.00E+00 0.19 0.35 0.00E+00 
Cyanodictyon 0.29 0.18 0.00E+00 0.29 0.18 0.00E+00 
Dolichospermum 0.31 0.10 7.41E-05 0.31 0.10 3.75E-02 
Merismopedia 0.23 0.27 0.00E+00 0.22 0.29 0.00E+00 
Planktolyngbya 0.20 0.35 0.00E+00 0.14 0.50 0.00E+00 
Planktothrix 0.20 0.32 0.00E+00 0.18 0.37 0.00E+00 
Radiocystis 0.17 0.40 0.00E+00 0.14 0.48 0.00E+00 
Snowella 0.20 0.32 0.00E+00 0.18 0.37 0.00E+00 
Woronichinia -0.34 0.06 -2.52E-04 -0.31 0.10 -1.09E-01 
Cyanobacteria 
Dunnervattnet 
0.34 0.06 2.27E-04 0.37 0.05 2.61E-01 
Chroococcus 0.31 0.10 2.77E-05 0.42 0.03 4.10E-02 
Dolichospermum 0.12 0.54 0.00E+00 0.14 0.48 0.00E+00 
Merismopedia -0.07 0.72 -6.86E-06 -0.10 0.59 -1.85E-02 
Planktolyngbya 0.26 0.23 0.00E+00 0.26 0.23 0.00E+00 
Snowella 0.07 0.71 0.00E+00 0.13 0.49 8.99E-04 
Woronichinia 0.12 0.54 0.00E+00 0.12 0.54 0.00E+00 
Cyanobacteria 
Ekholmssjön 
-0.17 0.37 -6.21E-04 0.02 0.93 8.79E-03 
Aphanizomenon 0.34 0.11 0.00E+00 0.34 0.11 0.00E+00 
Aphanocapsa 0.39 0.07 0.00E+00 0.42 0.05 0.00E+00 
Chroococcus 0.12 0.52 0.00E+00 0.23 0.23 4.34E-02 
Cyanocatena -0.20 0.35 8.30E-05 -0.17 0.42 0.00E+00 
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Genus Lake 
Absolute Biovolume (mm3L-1) Relative Biovolume (%) 
τ p TS τ p TS 
Dolichospermum 0.08 0.70 0.00E+00 0.02 0.92 0.00E+00 
Merismopedia -0.17 0.37 -1.26E-04 -0.17 0.37 -1.45E-02 
Planktothrix -0.07 0.74 0.00E+00 -0.07 0.74 0.00E+00 
Radiocystis -0.45 0.03 0.00E+00 -0.42 0.04 0.00E+00 
Snowella -0.04 0.85 0.00E+00 0.02 0.92 0.00E+00 
Woronichinia 0.02 0.94 0.00E+00 0.02 0.94 0.00E+00 
Cyanobacteria 
Fagertärn 
-0.23 0.21 -1.30E-03 -0.03 0.86 -9.97E-03 
Aphanizomenon -0.16 0.45 0.00E+00 -0.16 0.45 0.00E+00 
Dolichospermum -0.19 0.30 -7.77E-04 -0.06 0.75 -1.89E-03 
Merismopedia -0.23 0.22 -1.83E-04 -0.15 0.42 -8.07E-03 
Radiocystis -0.16 0.45 0.00E+00 -0.16 0.45 0.00E+00 
Snowella 0.26 0.23 0.00E+00 0.26 0.23 0.00E+00 
Woronichinia 0.36 0.07 1.14E-05 0.32 0.11 0.00E+00 
Cyanobacteria 
Gipsjön 
0.20 0.34 0.00E+00 0.17 0.40 0.00E+00 
Merismopedia 0.20 0.34 0.00E+00 0.17 0.40 0.00E+00 
Cyanobacteria 
Gosjön 
0.08 0.65 1.93E-04 0.07 0.72 6.89E-03 
Cyanocatena -0.35 0.10 0.00E+00 -0.35 0.10 0.00E+00 
Dolichospermum -0.33 0.11 0.00E+00 -0.33 0.11 0.00E+00 
Merismopedia 0.09 0.62 2.97E-05 0.16 0.39 1.98E-03 
Microcystis -0.07 0.74 0.00E+00 -0.07 0.74 0.00E+00 
Planktothrix -0.26 0.23 0.00E+00 -0.26 0.23 0.00E+00 
Snowella 0.24 0.23 0.00E+00 0.24 0.23 0.00E+00 
Woronichinia 0.35 0.06 7.69E-05 0.39 0.04 5.29E-03 
Cyanobacteria 
Grissjön 
-0.18 0.32 -1.48E-03 -0.05 0.79 -1.21E-02 
Chroococcus 0.25 0.24 0.00E+00 0.25 0.24 0.00E+00 
Merismopedia -0.20 0.28 -1.66E-03 -0.05 0.79 -2.10E-02 
Planktothrix 0.02 0.91 0.00E+00 0.02 0.91 0.00E+00 
Cyanobacteria 
Hinnasjön 
-0.17 0.37 -8.50E-04 -0.20 0.28 -9.11E-02 
Aphanocapsa 0.42 0.05 0.00E+00 0.42 0.05 0.00E+00 
Cyanodictyon 0.26 0.23 0.00E+00 0.26 0.23 0.00E+00 
Dolichospermum -0.42 0.04 0.00E+00 -0.40 0.05 0.00E+00 
Merismopedia -0.23 0.21 -6.97E-04 -0.17 0.37 -8.06E-02 
Planktothrix 0.21 0.33 0.00E+00 0.21 0.33 0.00E+00 
Snowella 0.08 0.70 0.00E+00 0.06 0.78 0.00E+00 
Woronichinia -0.05 0.81 0.00E+00 -0.05 0.81 0.00E+00 
Cyanobacteria 
Hjärtsjön 
0.37 0.07 0.00E+00 0.30 0.15 0.00E+00 
Cyanocatena 0.26 0.23 0.00E+00 0.26 0.23 0.00E+00 
Merismopedia 0.37 0.07 0.00E+00 0.30 0.15 0.00E+00 
Rhabdogloea -0.07 0.74 0.00E+00 -0.07 0.74 0.00E+00 
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Genus Lake 
Absolute Biovolume (mm3L-1) Relative Biovolume (%) 
τ p TS τ p TS 
Cyanobacteria 
Hökesjön 
0.55 0.00 2.78E-03 0.55 0.00 6.85E-01 
Aphanizomenon 0.26 0.23 0.00E+00 0.26 0.23 0.00E+00 
Chroococcus -0.20 0.32 0.00E+00 -0.22 0.27 0.00E+00 
Cyanocatena -0.35 0.10 0.00E+00 -0.35 0.10 0.00E+00 
Dolichospermum 0.54 0.00 2.11E-03 0.55 0.00 4.94E-01 
Merismopedia 0.35 0.10 0.00E+00 0.35 0.10 0.00E+00 
Planktothrix 0.38 0.05 1.57E-04 0.30 0.12 8.04E-03 
Snowella -0.02 0.93 0.00E+00 0.02 0.93 0.00E+00 
Woronichinia 0.36 0.07 2.33E-05 0.34 0.08 1.00E-02 
Cyanobacteria 
Limmingsjön 
0.00 1.00 7.50E-06 0.05 0.79 6.98E-02 
Aphanothece 0.35 0.10 0.00E+00 0.35 0.10 0.00E+00 
Chroococcus 0.26 0.23 0.00E+00 0.26 0.23 0.00E+00 
Dolichospermum -0.10 0.60 0.00E+00 -0.06 0.74 0.00E+00 
Merismopedia 0.34 0.08 3.48E-05 0.34 0.08 1.15E-02 
Planktothrix -0.26 0.23 0.00E+00 -0.26 0.23 0.00E+00 
Radiocystis 0.26 0.23 0.00E+00 0.26 0.23 0.00E+00 
Rhabdogloea -0.16 0.45 0.00E+00 -0.16 0.45 0.00E+00 
Snowella 0.40 0.05 0.00E+00 0.40 0.05 0.00E+00 
Woronichinia -0.16 0.39 -4.85E-05 -0.12 0.52 -6.59E-03 
Cyanobacteria 
Louvvajaure 
-0.08 0.65 -8.56E-05 0.03 0.86 6.68E-02 
Aphanocapsa -0.28 0.18 0.00E+00 -0.28 0.18 0.00E+00 
Aphanothece 0.22 0.30 0.00E+00 0.22 0.30 0.00E+00 
Chroococcus 0.45 0.02 3.00E-05 0.48 0.01 4.77E-02 
Cyanodictyon 0.50 0.02 0.00E+00 0.47 0.02 0.00E+00 
Dolichospermum -0.49 0.01 -4.86E-05 -0.48 0.02 -3.56E-02 
Merismopedia -0.47 0.01 -7.22E-06 -0.47 0.01 -6.86E-03 
Radiocystis -0.12 0.53 -1.17E-05 -0.08 0.68 -5.52E-03 
Rhabdogloea 0.03 0.86 1.93E-05 0.02 0.93 2.32E-02 
Snowella 0.08 0.69 1.77E-05 0.11 0.56 2.69E-02 
Cyanobacteria 
Översjön 
-0.06 0.75 0.00E+00 -0.03 0.89 0.00E+00 
Chroococcus -0.06 0.75 0.00E+00 -0.03 0.89 0.00E+00 
Cyanobacteria 
Övre Skärsjön 
-0.02 0.93 -1.65E-04 -0.05 0.79 -2.02E-01 
Merismopedia -0.02 0.93 -1.65E-04 -0.05 0.79 -2.02E-01 
Cyanobacteria 
Pahajärvi 
0.22 0.24 4.81E-03 0.08 0.65 2.10E-01 
Aphanocapsa 0.35 0.10 0.00E+00 0.35 0.10 0.00E+00 
Aphanothece -0.12 0.58 0.00E+00 -0.12 0.58 0.00E+00 
Chroococcus 0.35 0.10 0.00E+00 0.35 0.10 0.00E+00 
Cyanocatena 0.27 0.19 0.00E+00 0.27 0.19 0.00E+00 
Cyanodictyon 0.12 0.59 0.00E+00 0.12 0.59 0.00E+00 
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Genus Lake 
Absolute Biovolume (mm3L-1) Relative Biovolume (%) 
τ p TS τ p TS 
Dolichospermum 0.23 0.22 2.08E-03 0.09 0.62 1.55E-01 
Merismopedia 0.41 0.03 8.42E-05 0.50 0.01 1.40E-02 
Radiocystis 0.16 0.45 0.00E+00 0.16 0.45 0.00E+00 
Snowella 0.11 0.56 1.13E-05 0.09 0.62 2.45E-03 
Woronichinia 0.28 0.17 0.00E+00 0.24 0.25 0.00E+00 
Cyanobacteria 
Remmarsjön 
-0.12 0.53 -1.25E-04 -0.20 0.28 -1.04E-01 
Aphanizomenon -0.21 0.33 0.00E+00 -0.21 0.33 0.00E+00 
Aphanothece 0.35 0.10 0.00E+00 0.35 0.10 0.00E+00 
Chroococcus 0.08 0.69 0.00E+00 0.08 0.69 0.00E+00 
Dolichospermum -0.28 0.16 0.00E+00 -0.26 0.19 0.00E+00 
Merismopedia 0.13 0.47 9.85E-05 0.13 0.50 5.06E-02 
Snowella 0.35 0.10 0.00E+00 0.35 0.10 0.00E+00 
Cyanobacteria 
Skärgölen 
0.45 0.02 4.68E-04 0.45 0.02 1.32E-01 
Aphanizomenon 0.26 0.23 0.00E+00 0.26 0.23 0.00E+00 
Aphanocapsa -0.35 0.10 0.00E+00 -0.35 0.10 0.00E+00 
Aphanothece -0.05 0.81 0.00E+00 -0.05 0.81 0.00E+00 
Chroococcus 0.42 0.04 3.87E-05 0.30 0.13 0.00E+00 
Dolichospermum 0.10 0.60 0.00E+00 0.14 0.48 0.00E+00 
Merismopedia 0.11 0.58 0.00E+00 0.08 0.68 0.00E+00 
Radiocystis 0.12 0.58 0.00E+00 0.12 0.58 0.00E+00 
Snowella 0.24 0.21 5.00E-06 0.13 0.49 4.26E-04 
Woronichinia 0.69 0.00 1.95E-05 0.62 0.00 2.08E-03 
Cyanobacteria 
Stensjön 
0.08 0.65 5.42E-04 -0.02 0.93 -3.83E-02 
Aphanocapsa 0.40 0.06 0.00E+00 0.37 0.07 0.00E+00 
Aphanothece 0.08 0.69 0.00E+00 0.08 0.69 0.00E+00 
Chroococcus -0.19 0.32 -4.50E-05 -0.17 0.36 -1.15E-02 
Cyanocatena 0.02 0.94 0.00E+00 0.02 0.94 0.00E+00 
Dolichospermum -0.43 0.03 -2.63E-04 -0.44 0.02 -9.24E-02 
Merismopedia -0.07 0.72 -2.28E-04 0.02 0.93 8.09E-03 
Planktothrix 0.21 0.33 0.00E+00 0.21 0.33 0.00E+00 
Rhabdogloea -0.28 0.17 0.00E+00 -0.28 0.17 0.00E+00 
Snowella 0.17 0.41 0.00E+00 0.17 0.41 0.00E+00 
Cyanobacteria 
Stora 
Envättern 
0.28 0.13 4.38E-03 0.30 0.11 8.04E-01 
Aphanocapsa -0.21 0.32 0.00E+00 -0.23 0.29 0.00E+00 
Aphanothece 0.08 0.69 0.00E+00 0.06 0.79 0.00E+00 
Chroococcus -0.07 0.71 0.00E+00 0.00 1.00 0.00E+00 
Cyanocatena -0.48 0.02 0.00E+00 -0.45 0.03 0.00E+00 
Dolichospermum 0.38 0.05 5.39E-04 0.36 0.07 1.01E-01 
Merismopedia 0.20 0.28 3.43E-03 0.17 0.37 7.22E-01 
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Genus Lake 
Absolute Biovolume (mm3L-1) Relative Biovolume (%) 
τ p TS τ p TS 
Radiocystis -0.24 0.19 -2.32E-04 -0.24 0.19 -2.99E-02 
Rhabdogloea 0.00 1.00 0.00E+00 -0.03 0.89 -1.34E-03 
Snowella 0.45 0.02 2.29E-04 0.46 0.01 4.16E-02 
Woronichinia 0.22 0.28 0.00E+00 0.22 0.28 0.00E+00 
Cyanobacteria 
Storasjö 
0.51 0.01 1.79E-04 0.65 0.00 2.26E-02 
Aphanizomenon -0.21 0.33 0.00E+00 -0.21 0.33 0.00E+00 
Merismopedia 0.47 0.01 1.70E-04 0.53 0.01 1.49E-02 
Cyanobacteria 
Tärnan 
0.10 0.59 1.14E-03 0.23 0.21 4.72E-01 
Aphanizomenon -0.54 0.01 -1.11E-03 -0.50 0.01 -1.35E-01 
Aphanothece -0.35 0.10 0.00E+00 -0.35 0.10 0.00E+00 
Chroococcus 0.22 0.24 1.12E-04 0.24 0.20 2.14E-02 
Cyanocatena -0.37 0.08 0.00E+00 -0.37 0.08 0.00E+00 
Cyanodictyon -0.07 0.74 0.00E+00 -0.07 0.74 0.00E+00 
Dolichospermum 0.40 0.03 5.43E-03 0.42 0.02 9.35E-01 
Merismopedia -0.12 0.54 0.00E+00 -0.12 0.54 0.00E+00 
Microcystis -0.14 0.48 0.00E+00 -0.12 0.55 0.00E+00 
Planktolyngbya -0.07 0.71 0.00E+00 -0.05 0.78 0.00E+00 
Radiocystis -0.08 0.65 -5.29E-05 0.02 0.93 1.11E-03 
Rhabdogloea -0.43 0.03 -6.41E-06 -0.37 0.06 -8.23E-04 
Snowella -0.13 0.47 -4.40E-05 -0.18 0.32 -7.81E-03 
Woronichinia -0.20 0.28 -7.05E-04 -0.25 0.18 -1.28E-01 
Cyanobacteria 
Vuolgamjaure 
-0.08 0.65 -1.59E-04 -0.10 0.59 -6.98E-02 
Aphanocapsa -0.29 0.18 0.00E+00 -0.29 0.18 0.00E+00 
Chroococcus -0.07 0.72 -2.13E-05 0.00 1.00 2.50E-03 
Cyanocatena 0.06 0.79 0.00E+00 0.06 0.79 0.00E+00 
Dolichospermum -0.49 0.01 -2.37E-04 -0.45 0.02 -1.16E-01 
Merismopedia -0.39 0.03 -4.05E-05 -0.35 0.06 -2.84E-02 
Planktothrix -0.19 0.38 0.00E+00 -0.19 0.38 0.00E+00 
Radiocystis -0.14 0.44 -8.25E-06 -0.13 0.50 -4.79E-03 
Rhabdogloea 0.26 0.23 0.00E+00 0.26 0.23 0.00E+00 
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Appendix E: Cyanobacteria diversity of form 
 
Figure E1: Diversity of forms (colony shape and mucilage) of the three increasing cyanobacteria 
genera. Images for Chroococcus1, Merismopedia2, and Dolichospermum3 are attributed to the 
sources below.  
1. Birger, Skjelbred. Chroococcus turgidus. Karlson, B. et al. 2015. Nordic Microalgae. 
World-wide electronic publication. Accessed from: 
http://nordicmicroalgae.org/taxon/Chroococcus%20turgidus 
2. Busch, Susanne (IOW). Merismopedia tenuissima. Karlson, B. et al. 2015. Nordic 
Microalgae. World-wide electronic publication. Accessed from: 
http://nordicmicroalgae.org/taxon/Merismopedia%20tenuissima 
3. Hansen, Gert. Dolichospermum lemmermannii. Karlson, B. et al. 2015. Nordic 
Microalgae. World-wide electronic publication. Accessed from: 
http://nordicmicroalgae.org/taxon/Dolichospermum%20lemmermanni 
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